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(54)  Acicular  ferromagnetic  alloy  particles  for  use  in  magnetic  recording  media. 
Acicular  ferromagnetic  alloy  particles,  for  use  as  the 

magnetic  material  of  magnetic  recording  media,  contain  Si, 
Cr,  Ni  and  P  and  optionally  Mg  and  are  impregnated  with  a 
phosphorus  compound  and  a  silicon  compound. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a c i c u l a r   f e r r o m a g n e t i c  

a l l o y   p a r t i c l e s ,   t o   t h e i r   p r e p a r a t i o n   and   to   m a g n e t i c  

r e c o r d i n g   m e d i a   i n   w h i c h   t h e   m a g n e t i c   m a t e r i a l   i s   c o m p o s e d  

of  a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s .  

In  r e c e n t   y e a r s ,   t h e   l o n g e r - t i m e   r e c o r d i n g ,   t h e  

m i n i a t u r i z a t i o n   and   t h e   w e i g h t - s a v i n g   of   t h e   r e p r o d u c i n g  

a p p a r a t u s   f o r   m a g n e t i c   r e c o r d i n g   f o r   a u d i o   and  v i d e o   h a v e  

b e e n   r e m a r k a b l y   i n t e n s i f i e d ,   p a r t i c u l a r l y   w i t h   t h e   s t r i k i n g  

p o p u l a r i z a t i o n   of   VTR  in   t h e s e   d a y s .   A c c o r d i n g l y ,   t h e  

d e v e l o p m e n t   of  VTR  h a s   b e e n   v i g o r o u s l y   c a r r i e d   o u t   w i t h   t h e  

o b j e c t s   of  l o n g e r - t i m e   r e c o r d i n g ,   m i n i a t u r i z a t i o n   and   w e i g h t -  

s a v i n g .   On  t h e   o t h e r   h a n d ,   t h e   d e m a n d   f o r   m a g n e t i c   t a p e ,  

i . e .   t h e   m a g n e t i c   r e c o r d i n g   m e d i a ,   w i t h   h i g h e r   p e r f o r m a n c e  

and  h i g h e r   r e c o r d i n g   d e n s i t y   h a s   b e e n   i n t e n s i f i e d .  



Namely ,   t h e   h i g h   q u a l i t y   of  t he   p i c t u r e ,   t he   h i g h  

o u t p u t   c a p a c i t y ,   p a r t i c u l a r l y   t h e   i m p r o v e m e n t   of  f r e q u e n c y  

c h a r a c t e r i s t i c s   and  t h e   r e d u c t i o n   of  n o i s e   l e v e l   a re   r e q u i r e d   t< 

t h e   m a g n e t i c   r e c o r d i n g   m e d i a .   For  m a t c h i n g   t h e s e   r e q u i r e -  

m e n t s ,   i t   i s   n e c e s s a r y   to   i m p r o v e   the   r e s i d u a l   m a g n e t i c   f l u x  

d e n s i t y ( B r ) ,   t he   c o e r c i v e   f o r c e ( H c ) ,   d i s p e r s i b i l i t y ,   t he   p a c k i n e  

p r o p e r t y ,   t h e   s m o o t h n e s s   of  t h e   s u r f a c e   of  t h e   t a p e   and  t h e  

s i g n a l   to   n o i s e   r a t i o   S / N .  

These   s p e c i f i c   p r o p e r t i e s  o f   m a g n e t i c   r e c o r d i n g  

m e d i a   a r e   in  a  c l o s e   r e l a t i o n s h i p   w i t h   t he   m a g n e t i c   m a t e r i a l  

f o r   use   in   t h e   m a g n e t i c   r e c o r d i n g   m e d i a ,   f o r   i n s t a n c e ,   a s  

a r e   s een   in  t he   f o l l o w i n g   d e s c r i p t i o n   on  p a g e s   83  to  84  of  a n  

a r t i c l e   e n t i t l e d   w i t h   "The  R e c e n t   P r o g r e s s   of  M a g n e t i c   Tapes   f o  

V ideo   and  A u d i o " ,   p a g e s   82  to  105  p u b l i s h e d   by  N I K K E I - E l e c t r o n i  

(1976)  on  May  3,  1 9 7 6 .  

"The  m a j o r   s p e c i f i c   p r o p e r t i e s   wh ich   r e p r e s e n t   t h e  

q u a l i t y   of  t h e   p i c t u r e   of  t he   v i d e o - t a p e   r e c o r d e r   a re   (1)  the   v  

s i g n a l   to  n o i s e   r a t i o   S/N,   (2)  chroma  n o i s e   and  (3)  t he   f r e q u e n  

c h a r a c t e r i s t i c s   of  v i d e o   s i g n a l   - - - - - ,   t h e s e   s p e c i f i c   p r o p e r t i e  

r e p r e s e n t i n g   t he   p i c t u r e   a r e   d e c i d e d   by  t h e   e l e c t r o - m a g n e t i c   t  

f o r m i n g   c h a r a c t e r i s t i c s ,   and  t h e   e l e c t r o - m a g n e t i c   t r a n s f o r m i n g  

c h a r a c t e r i s t i c s   i s   i n t e r r e l a t e d   to  t he   m a g n e t i c   p r o p e r t i e s   of  t  

t a p e .   F u r t h e r m o r e ,   a  l a rge r   p a r t   of  t he   m a g n e t i c   p r o p e r t i e s   o f  

t a p e   i s   d e c i d e d   by  t h e   m a g n e t i c   m a t e r i a l   c o n s t r u c t i n g   the   t a p e .  

As  is   d e s c r i b e d   a b o v e ,   the   v a r i o u s   s p e c i f i c i t i e s   of  t  

q u a l i t y   of  t he   p i c t u r e   r e p r o d u c e d   from  m a g n e t i c   r e c o r d i n g   m e d i a  



are   in  c l o s e   r e l a t i o n s h i p   w i t h   t he   m a g n e t i c   m a t e r i a l   u s e d   f o r  

p r e p a r i n g   the   m e d i a ,   and  a c c o r d i n g l y ,   t he   i m p r o v e m e n t   of  t h e  

c h a r a c t e r i s t i c s   of  t he   m a g n e t i c   m a t e r i a l   i s   s t r o n g l y   d e m a n d e d .  

The  r e l a t i o n s h i p   b e t w e e n   t he   v a r i o u s   c h a r a c t e r i s t i c s  

of  the   m a g n e t i c   r e c o r d i n g   med ia   and  t h e   c h a r a c t e r i s t i c s   o f  

the   m a g n e t i c   m a t e r i a l s   used   f o r   p r e p a r i n g   the   med ia   a re   d e s c r i b e d  

in  d e t a i l   as  f o l l o w s .  

In  o r d e r   to  o b t a i n   a  h i g h   q u a l i t y   in  the   p i c t u r e  

r e p r o d u c e d   f rom  m a g n e t i c   r e c o r d i n g   m e d i a   used   in  v i d e o ,   as  a r e  

c l e a r l y   seen   in  t he   a f o r e - m e n t i o n e d   d e s c r i p t i o n   in  " N I K K E I -  

E l e c t r o n i c s " ,   t he   i m p r o v e m e n t   of  (1)  v i d e o   s i g n a l   to  n o i s e   r a t i o  

S/N,  (2)  chroma  n o i s e   and  (3)  v i d e o   f r e q u e n c y   c h a r a c t e r i s t i c s .  

In  o r d e r   to  improve   t h e   v i d e o   s i g n a l   to  n o i s e   r a t i o   S / N ,  

i t   is  i m p o r t a n t   to  m i c r o n i z e   t he   m a g n e t i c   p a r t i c l e s   and  to  i m p r o v e  

the   d i s p e r s i b i l i t y   t h e r e o f   in  t he   v e h i c l e ,   the   o r i e n t a t i o n   a n d  

p a c k i n g   t h e r e o f   in  t he   c o a t i n g   medium  and  the  s m o o t h n e s s   of  t h e  

s u r f a c e   of  t h e   m a g n e t i c   r e c o r d i n g   medium.   These   f a c t s   a re   c l e a r l y  

r e c o g n i z a b l e   a l s o   from  the   f o l l o w i n g   d e s c r i p t i o n   in  t he   a f o r e -  

c i t e d   " N I K K E I - E l e c t r o n i c s "   on  page   8 5 .  

"As  t h e   p h y s i c a l   p r o p e r t i e s   of  the   t a p e ,   w h i c h  

are   in  c o n n e c t i o n   w i t h   the   s i g n a l   to  n o i s e   r a t i o   S/N(CN  r a t i o )  

of  the   l u m i n a n c e   s i g n a l ,   the   a v e r a g e   number   of  the   p a r t i c l e s  

per   u n i t   vo lume  the   s t a t e   of  d i s p e r s i o n  . t h e r e o f ( d i s p e r s i b i l i t y  

t h e r e o f )   and  t he   s m o o t h n e s s   of  t he   s u r f a c e   of  the   t a p e   a r e  

m e n t i o n e d .   In  t he   c a se   where   t he   s m o o t h n e s s   of  the   s u r f a c e  

and  the   d i s p e r s i b i l i t y   of  the   p a r t i c l e   a re   c o n s t a n t ,   t h e  

s i g n a l   to  n o i s e   r a t i o   S/N  becomes   b e t t e r   in  p r o p o r t i o n   to  t h e  



s q u a r e   r o o t   of  t h e   a v e r a g e   number   of  t h e   p e r t i c l e   per   u n i t   v o l u m e  

and  a c c o r d i n g l y ,   t h e   m a g n e t i c   p a r t i c l e   i s   t he   more  f a v o r a b l e   a s  

t h e   vo lume   t h e r e o f   i s   t h e   s m a l l e r   and  t h e   d e g r e e   of  p a c k i n g   t h e r e -  

of  is   t h e   l a r g e r .   In  a d d i t i o n ,   as  a  me thod   f o r   i m p r o v i n g   t he   v i d e o  

s i g n a l   of  n o i s e   r a t i o   S/N,  i t   is   an  i m p o r t a n t   m e t h o d   to  r e d u c e   t h e  

n o i s e   l e v e l   a t t r i b u t a b l e   to  t he   m a g n e t i c   r e c o r d i n g   m e d i a ,   and  f o r  

r e d u c i n g   t h e   n o i s e   l e v e l ,   i t   has   been   known  t h a t   t he   m i c r o n i z a t i o n  

of  t h e   p a r t i c l e   s i z e   of  t he   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s  

wh ich   a r e   t h e   m a g n e t i c   m a t e r i a l   f o r   use  in  p r e p a r i n g   t h e   m e d i u m  

f o r   m a g n e t i c   r e c o r d i n g ,   as  a r e   s een   in  t he   a f o r e - c i t e d   d e s c r i p t i o n .  

As  a  g e n e r a l   means   f o r   i n d i c a t i n g   t h e   s i z e   of  t he   m a g n e t -  

i c   p a r t i c l e ,   t h e   v a l u e   of  t h e   s p e c i f i c   s u r f a c e   a r e a   of  the   p a r -  

t i c l e   i s   f r e q u e n t l y   u s e d ,   and  i t   has  a l s o   been   g e n e r a l l y   k n o w n  

t h a t   t h e   n o i s e   l e v e l   a t t r i b u t a b l e   to  t he   m a g n e t i c   r e c o r d i n g  

med ia   b e c o m e s   s m a l l e r   as  t he   s p e c i f i c   s u r f a c e   a r e a   b e c o m e s  

l a r g e r .   T h i s   p h e n o m e n o n   is   shown,   fo r   i n s t a n c e ,   in  t he   T e c h n i c a l  

R e s e a r c h   R e p o r t   of  DENSHI  TSUSHIN  GAKKAI(The  I n s t .   of  E l e c t r o n i c s  

and  C o m m u n i c a t i o n   E n g i n e e r s   of  J a p a n ) ,   MR  8 1  -   11,  page  27,  2 3 - 9 ,  

F i g .   3.  F i g .   3  i s   a  f i g u r e   showing   the   r e l a t i o n s h i p   b e t w e e n  

t h e   s p e c i f i c   s u r f a c e   a r e a   of  t he   a c i c u l a r   p a r t i c l e s   of  C o - c o a t e d  

m a g h e m i t e   and  t h e   n o i s e   l e v e l ,   and  as  i s   s een   in  F i g .   3 ,  

t h e   n o i s e   l e v e l   i s   l i n e a r l y   r e d u c e d   as  t he   s p e c i f i c   s u r f a c e   a r e a  

of  t he   p a r t i c l e   becomes   l a r g e r .   Th is   r e l a t i o n s h i p   is  a l s o  

r e a l i z a b l e   in  t h e   a c i c u l a r   f e r r o m a g n e t i c   p a r t i c l e s   and  in  t h e  

a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s .  

In  o r d e r   to  i m p r o v e   t he   d i s p e r s i b i l i t y   of  t he   m a g n e t i c  



p a r t i c l e s   in  t he   v e h i c l e   and  the   p a c k i n g   t h e r e o f   in  the   c o a t i n g  

medium,  i t   is   r e q u i r e d   t h a t   the   m a g n e t i c   p a r t i c l e s   to  b e  

d i s p e r s e d   in  t he   v e h i c l e   have   good  a c i c u l a r i t y ,   and  a r e  

u n i f o r m   in  t h e i r   s i z e ,   no t   c o n t a m i n a t e d   by  the   d e n d r i t e s  

and  no t   i n t e r w o u n d   each  o t h e r ,   and  as  a  r e s u l t ,   t h a t   t h e y  

have  l a r g e   a p p a r e n t   d e n s i t y .  

In  o r d e r   to  i m p r o v e   t h e   ch roma  n o i s e ,   i t   is   i m p o r t a n t  

to  i m p r o v e   the   s u r f a c e   c h a r a c t e r i s t i c s   of  t h e   m a g n e t i c   r e c o r d i n g  

m e d i a ,   and  f o r   t h a t   p u r p o s e   in  t u r n ,   t he   m a g n e t i c   p a r t i c l e s  

a re   p r e f e r a b l y   e x c e l l e n t   in  t he   d i s p e r s i b i l i t y   and  the   o r i e n t a b i l -  

i t y   t h e r e o f ,   and  in  c o n c l u s i o n ,   i t   i s   r e q u i r e d   t h a t   the   m a g n e t i c  

p a r t i c l e s   have   good  a c i c u l a r i t y ,   and  a re   u n i f o r m   in  t h e i r   s i z e ,  

no t   c o n t a m i n a t e d   by  d e n d r i t e s   and  no t   i n t e r w o u n d   each  o t h e r ,  

and  as  a  r e s u l t ,   t h a t   t h e y   have   l a r g e   a p p a r e n t   d e n s i t y .  

These   f a c t s   a re   c l e a r l y   u n d e r s t o o d   from  the   f o l l o w i n g  

d e s c r i p t i o n   in  t h e   a f o r e - m e n t i o n e d   N I K K E I - E l e c t r o n i c s   on  page   8 5 .  

"The  chroma  n o i s e   is   c a u s e d   by  t he   r o u g h n e s s   w i t h  

a  r e l a t i v e l y   l o n g e r   p e r i o d   on  the   s u r f a c e   of  the   m a g n e t i c   t a p e ,  

and  a c c o r d i n g l y ,   i t   has  a  c l o s e   r e l a t i o n s h i p   w i t h   the   t e c h n i q u e   o f  

c o a t i n g ,   and  t h e   p a r t i c l e s   of  t he   b e t t e r   d i s p e r s i b i l i t y   and  t h e  

b e t t e r   o r i e n t a b i l i t y   a re   a b l e   to  g i v e   t he   b e t t e r   s u r f a c e   c h a r a c t e r  

i s t i c s   to  the   m a g n e t i c   t a p e . "  

F u r t h e r m o r e ,   in  o r d e r   to  i m p r o v e   the   r a d i o   f r e q u e n c y   o u t -  

pu t   fo r   v i d e o   s i g n a l   of  t he   m a g n e t i c   t a p e ,   i t   is   n e c e s s a r y   t h a t   t h e  

c o e r c i v e   f o r c e   and  t h e  r e s i d u a l   m a g n e t i c   f l u x   d e n s i t y   (Br )  

are   l a r g e   e n o u g h .   For  t he   i m p r o v e m e n t   of  t h e   c o e r c i v e   f o r c e ( H c )  



of  t h e   m a g n e t i c   r e c o r d i n g   m e d i a ,   i t   i s   r e q u i r e d   t h a t   t h e  

c o e r c i v e   f o r c e ( H c )   of  t h e   m a g n e t i c   p a r t i c l e s   t h e m s e l v e s   is  a s  

h i g h   as  p o s s i b l e .  

In  o r d e r   to  have  a  l a r g e   r e s i d u a l   m a g n e t i c   f l u x   d e n s i t y  

( B r ) ,   t h e   s a t u r a t i o n   m a g n e t i z a t i o n   (as)  of  t h e   m a g n e t i c   p a r t i c l e s  

s h o u l d   be  as  l a r g e   as  p o s s i b l e ,   and  Br  d e p e n d s   on  the   d i s -  

p e r s i b i l i t y   of  t h e   m a g n e t i c   p a r t i c l e s   in  t h e   b e h i c l e   and  t h e  

o r i e n t a t i o n   of  t h e   m a g n e t i c   p a r t i c l e s   in   t h e   c o a t i n g   m e d i u m .  

T h e s e   f a c t s   a r e   c l e a r l y   r e c o g n i z e d   f rom  t he   f o l l o w i n g   d e s c r i p t i o n s  

in  p a g e s   84  to  85  of  t h e   a f o r e - m e n t i o n e d   N I K K E I - E l e c t r o n i c s .  

"The  maximum  o u t p u t   of  t he   m a g n e t i c   t a p e   is   d e c i d e d   b y  

t h e   r e s i d u a l   m a g n e t i c   f l u x   d e n s i t y   ( B r ) ,   t h e   c o e r c i v e  

f o r c e ( H c )   and  the   e f f e c t i v e   s p a c i n g   of  t he   m a g n e t i c   t a p e .   W i t h  

t h e   i n c r e a s e   of  Br ,   t h e   number   of  m a g n e t i c   f l u x   e n t e r i n g   i n t o  

t h e   r e p r o d u c i n g   head   i n c r e a s e   r e s u l t i n g   in  t he   i n c r e a s e d   o u t p u t .  

- - - - -   With  t he   i n c r e a s e   of  Hc,  t he   s e l f - d e m a g n e t i z a t i o n   i s  

r e d u c e d   r e s u l t i n g   in  t h e   i n c r e a s e d   o u t p u t . - - - - -   The  f i r s t  

f u n d a m e n t a l   p r e r e q u i s i t e   to  have   a  l a r g e   Br  of  t h e   m a g n e t i c   t a p e  

i s   t h a t   t he   s a t u r a t i o n   m a g n e t i z a t i o n ,   I s ( a s ) ,   p o s s e s s e d   by  t h e  

m a g n e t i c   p a r t i c l e   in  a  c o m p l e t e   s t a t e ,   f o r   i n s t a n c e ,   in  a  s i n g l e  

c r y s t a l l i n e   s t a t e ,   is   l a r g e   e n o u g h . - - - - -   Br  shows  c h a n g e s   even  i n  

t h e   same  m a t e r i a l   a c c o r d i n g   to  the   d e g r e e   of  p a c k i n g   t h e r e o f ,   a n d  

s i n c e   Br  i s   p r o p o r t i o n a l   to  t he   s q u a r e n e s s   r a t i o   ( r e s i d u a l   m a g n e t i  

f l u x   d e n s i t y / s a t u r a t i o n   m a g n e t i c   f l u x   d e n s i t y ) ,   i t   i s   r e q u i r e d   t h a  

t h e   s q u a r e n e s s   r a t i o   i s   l a r g e   enough  to  have   a  l a r g e   Br.  - - - - -  

I t   i s   a d v a n t a g e o u s   f o r   mak ing   t he   s q u a r e n e s s   r a t i o   l a r g e r   to  u s e  



the   m a g n e t i c   p a r t i c l e s   which   a re   u n i f o r m   in  p a r t i c l e   s i z e ,  

h igh   in  a s p e c t   r a t i o   and  e x c e l l e n t   in  the   o r i e n t a b i l i t y   i n t o  

the   d i r e c t i o n   of  m a g n e t i c   f i e l d . - - - "  

As  i s   d e s c r i b e d   in  d e t a i l   as  a b o v e ,   in  o r d e r   to  f u l f i l l  

the   r e q u i r e m e n t s   f o r   t h e   i m p r o v e m e n t   of  the   q u a l i t y   of  the   p i c -  

t u r e ,   the   o u t p u t ,   p a r t i c u l a r l y   the   f r e q u e n c y   c h a r a c t e r i s t i c s  

and  the   n o i s e   l e v e l   of  the   m a g n e t i c   r e c o r d i n g   m e d i a ,   t h a t  

i s ,   t he   r e q u i r e m e n t   f o r   t he   h i g h l y   i m p r o v e d   p e r f o r m a n c e   of  t h e  

m a g n e t i c   r e c o r d i n g   m e d i a ,   i t   is   n e c e s s a r y   to  use  t h e  

m a g n e t i c   p a r t i c l e s   p r o v i d e d   w i t h   t he   f o l l o w i n g   c h a r a c t e r i s t i c s ,  

(1)  h igh   a c i c u l a r i t y ,   (2)  u n i f o r m   in  p a r t i c l e  

s i z e   (3)  w i t h o u t   b e i n g   c o n t a m i n a t e d   by  d e n d r i t e s ,  

(4)  w i t h o u t   h a v i n g   i n t e r w o u n d   p a r t i c l e s ,   (5)  s u b s t a n t i a l l y   l a r g e  

in  a p p a r e n t   d e n s i t y   as  a  r e s u l t   of  h a v i n g   a  l a r g e   s p e c i f i c  

s u r f a c e   a r e a   and  a  h i g h l y   r a i s e d   d e g r e e   of  c r y s t a l l i t e   w i t h i n  

the   p a r t i c l e s   and  (6)  h a v i n g   a  h i g h   c o e r c i v e   f o r c e   Hc,  and  a  

l a r g e   s a t u r a t i o n   m a g n e t i z a t i o n .  

In  t h i s   c o n n e c t i o n ,   t he   m a g n e t i c   m a t e r i a l s   which   h a v e  

h i t h e r t o   been  used   f o r   p r e p a r i n g   the   m a g n e t i c   r e c o r d i n g  

media   are  the   m a g n e t i c   p a r t i c l e s   o f ,   f o r   i n s t a n c e ,   m a g n e t i t e ,  

m a g h e m i t e   and  ch romium  d i o x i d e   h a v i n g   t he   s a t u r a t i o n   m a g n e t i z a t i o n ,  

os,  of  70  to  85  emu/g   and  the   c o e r c i v e   f o r c e   of  250  to  5 0 0  O e .  

P a r t i c u l a r l y ,   t he   f a c t   t h a t   s a t u r a t i o n   m a g n e t i z a t i o n   o f  

t h e s e   m a g n e t i c   p a r t i c l e s   is  85  emu/g  at   t he   h i g h e s t   in  the   c a s e  

where  the  m a g n e t i c   p a r t i c l e s   a re   o x i d e   and  is   70  to  80  emu/g  i n  

g e n e r a l   is  the   m a j o r   c a u s e   which   l i m i t s   t he   r e p r o d u c e d   o u t p u t  



and  t he   r e c o r d i n g   d e n s i t y   of  t he   m a g n e t i c   t a p e .  

F u r t h e r m o r e ,   t h e   m a g n e t i c   p a r t i c l e s   c o n t a i n i n g   Co . ,   s u c h  

as  C o - m a g n e t i t e   and  C o - m a g h e m i t e   a re   a l s o   u s e d   f o r   t he   same  p u r -  

p o s e ,   and  a l t h o u g h   t h e s e   m a g n e t i c   p a r t i c l e s   have   a  c h a r a c t e r i s t i -  

c a l l y   h i g h   c o e r c i v e   f o r c e   of  400  to   800  Oe,  t h e i r   s a t u r a t i o n  

m a g n e t i z a t i o n   i s   as  low  as  60  to  80  e m u / g .  

In  r e c e n t   y e a r s ,   t h e   d e v e l o p m e n t   of  t he   m a g n e t i c   p a r t i -  

c l e s   p r o v i d e d   w i t h   t h e   c h a r a c t e r i s t i c s   s u i t a b l e   f o r   h igh   o u t p u t  

and  h i g h   r e c o r d i n g   d e n s i t y ,   t h a t   i s ,   t h e   m a g n e t i c   p a r t i c l e s   l a r g e  

in  s a t u r a t i o n   m a g n e t i z a t i o n   and  h i g h   in  c o e r c i v e   f o r c e   has   b e e n  

v i g o r o u s l y   c a r r i e d   o u t ,   and  the   t h u s   d e v e l o p e d   m a g n e t i c   p a r t i c l e s  

p r o v i d e d   w i t h   such   c h a r a c t e r i s t i c s   a re   t h o s e   o b t a i n e d   t h e r m a l l y  

r e d u c i n g   g e n e r a l l y   t h e   a c i c u l a r   p a r t i c l e s   of  i r o n   h y d r o x i d e ,   t h e  

a c i c u l a r   p a r t i c l e s   of  i r o n   o x i d e   or  t h e   a c i c u l a r   p a r t i c l e s   of  i r o n  

h y d r o x i d e   or  i r o n   o x i d e   c o n t a i n i n g   m e t a l ( s )   o t h e r   t h a n   i r o n   i n  

a  r e d u c i n g   gas  a t   a b o u t   350°C,   which   a re   t h e   a c i c u l a r   f e r r o m a g n e t i c  

p a r t i c l e s   or  a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s .  

These   m a g n e t i c   p a r t i c l e s   c h a r a c t e r i s t i c a l l y   show  a  

r e m a r k a b l y   l a r g e r   s a t u r a t i o n   m a g n e t i z a t i o n   (as)  and  a  h i g h e r  

c o e r c i v e   f o r c e ( H c )   as  c o m p a r e d   to   t he   h i t h e r t o   used   m a g n e t i c  

p a r t i c l e s   of  i r o n   and  t he   m a g n e t i c   p a r t i c l e s   of  C o - c o n t a i n i n g   i r o n  

o x i d e ,   and  in  t h e   c a s e   where   t h e y   a re   c o a t e d   as  t he   m a g n e t i c  

r e c o r d i n g   m e d i a ,   b e c a u s e   of  the   l a r g e   r e s i d u a l   m a g n e t i c   f l u x  

d e n s i t y l B r )   and  t h e   h i g h   c o e r c i v e   f o r c e ( H c )   t h e r e o f ,   t he   t h u s  

p r e p a r e d   m a g n e t i c   t a p e   is   s u i t a b l e   f o r   m a g n e t i c   r e c o r d i n g   of  h i g h  

d e n s i t y   and  e x h i b i t s   a  h i g h   o u t p u t   and  a c c o r d i n g l y ,   such  m a g n e t i c  



p a r t i c l e s   have  a t t r a c t e d   a t t e n t i o n   and  t hey   have  been  pu t   t o  

p r a c t i c a l   use  in  r e c e n t   y e a r s .  

In  o r d e r   t h a t   t he   a c i c u l a r   f e r r o m a g n e t i c   p a r t i c l e s   o r  

a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   e x h i b i t   the   h i g h   c o e r c i v e  

f o r c e ( H c )   and  the   l a r g e   s a t u r a t i o n   m a g n e t i z a t i o n   (@s),  i t   i s  

n e c e s s a r y   t h a t   (1)  t h e y   a re   s u b s t a n t i a l l y   a c i c u l a r   c r y s t a l l i n e  

in  s h a p e ,   (2)  t h e y   a re   u n i f o r m   in  p a r t i c l e   s i z e   t h e r e o f ,   (3 )  

t h e y   a re   no t   c o n t a m i n a t e d   by  d e n d r i t e s   and  (4)  t h e y  

are   no t   i n t e r w o u n d   w i t h   each  o t h e r ,   as  has  been  s t a t e d ,   and  f o r  

p r o d u c i n g   such   m a g n e t i c   p a r t i c l e s   p r o v i d e d   wi th   the   a b o v e - m e n t i o n e d  

c h a r a c t e r i s t i c s ,   and  i t   is   n e c e s s a r y   t h a t   the   f l o c k s   of  F e ( O H ) 2  

which   are   t he   p r e c u r s o r   of  t he   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

which   are   t he   s t a r t i n g   m a t e r i a l   of  t h e   a c i c u l a r   f e r r o m a g n e t i c  

p a r t i c l e s   or  t he   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   a r e  

u n i f o r m   in  s i z e   and  s t r u c t u r e   and  in  t he   same  t ime   t h a t   t h e  

p a r t i c l e s   of  Fe(OH)2  t h e m s e l v e s   wh ich   c o n s t i t u t e s   t he   f l o c k   a r e  

u n i f o r m   in  s i z e   and  in  a d d i t i o n ,   t h a t   the   a c i c u l a r   p a r t i c l e s   o f  

a lpha-FeOOH  a re   u n i f o r m   in  p a r t i c l e   s i z e   and  a re   not   c o n t a m i n a t e d  

by  d e n d r i t e s .  

Such  f l o c k s   of  Fe(OH)2  and  a c i c u l a r   p a r t i c l e s   o f  

a lpha-FeOOH  a re   o b t a i n e d   by  t h e   r e s p e c t i v e   s t e p s   f o r m e r l y   i n v e n t e d  

and  p a t e n t e d   by  the   p r e s e n t   i n v e n t o r ( r e f e r   to  J a p a n e s e   P a t e n t  

P u b l i c a t i o n   No.  5 5 - 8 4 6 1   (1980)  and  J a p a n e s e   P a t e n t   P u b l i c a t i o n  

No.  5 5 - 3 2 6 5 2   ( 1 9 8 0 ) ) .   A c c o r d i n g   to  t h e   p u b l i c a t i o n s ,   in  t h e  

p r e p a r a t i o n   of  the   a c i c u l a r   p a r t i c l e s   of  a lpha-FeOOH  by  b l o w i n g  

an  o x y g e n - c o n t a i n i n g   gas  i n t o   an  a q u e o u s   s u s p e n s i o n   of  Fe(OH)2  o f  



pH  of  h i g h e r   t h a n   11  a t   a  t e m p e r a t u r e   of  l o w e r   t h a n   80°C,  wh ich   i s  

p r e p a r e d   by  a d m i x i n g   an  a q u e o u s   s o l u t i o n   of  a  f e r r o u s   s a l t   w i t h  

an  a q u e o u s   s o l u t i o n   of  an  a l k a l i   m e t a l   h y d r o x i d e   in  amount   of  m o r e  

t h a n   e q u i v a l e n t   to   Fe ,   a  w a t e r - s o l u b l e   s i l i c a t e   s u c h  

as  s o d i u m -   or  p o t a s s i u m   s i l i c a t e   i s   p r e l i m i n a r i l y   added   to  t h e  

a q u e o u s   s o l u t i o n   of  an  a l k a l i   h y d r o x i d e ,   or  to  t he   a q u e o u s   s u s p e n -  

s i o n   of  Fe (OH)2   b e f o r e   b l o w i n g   t he   o x y g e n - c o n t a i n i n g   gas  t h e r e i n t o  

in  an  amount   of  0 .1   to  1 .7  a t o m i c   % ( c a l c u l a t e d   as  Si)  to  Fe  i n  

the   r e a c t i o n   s y s t e m .  

The  t h u s   o b t a i n e d   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n   a b o u t   a l l   a m o u n t s   of  t h e   t h u s   added   w a t e r - s o l u b l e  

s i l i c a t e ,   and  t h e   c o n t e n t   of  Si  in   t h e   p a r t i c l e s   i s   0 .201   t o  

1 . 0 6   a t o m i c   %  c a l c u l a t e d   as  Si  to  Fe  of  t h e   f e r r o u s   s a l t   u s e d .  

A l t h o u g h   t h e   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s  

( S i   in  Fe)  o b t a i n e d   by  s u b j e c t i n g   t h e   t h u s   p r e p a r e d   a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   Si  to  t h e r m a l   r e d u c t i o n   a r e  

a l s o   u n i f o r m   in  p a r t i c l e   s i z e   and  n o t   c o n t a m i n a t e d   b y  

d e n d r i t e s   and  c h a r a c t e r i s t i c a l l y   show  a  l a r g e   a p p a r e n t   d e n s i t y ,  

a  f a v o r a b l e   d i s p e r s i b i l i t y   when  t h e y   a r e   p r o c e s s e d   i n t o   p a i n t s ,  

a  h i g h   p a c k i n g   p r o p e r t y   in  t he   c o a t i n g   medium  p r e p a r e d   t h e r e o f   a n d  

a  l a r g e   r e s i d u a l   m a g n e t i c   f l u x   d e n s i t y ( B r ) ,   t h e y   a re   s m a l l   in  t h e  

s p e c i f i c   s u r f a c e   a r e a   of  20  m2/g  a t   b e s t .  

As  a  r e s u l t   of  t he   p r e s e n t  i n v e n t o r s   s t u d i e s   f o r  

i m p r o v i n g   t h e   s p e c i f i c   s u r f a c e   a r e a   of  t he   t h u s   o b t a i n e d   m a g n e t i c  

p a r t i c l e s   c o n t a i n i n g   Si ,   i t   has  been   found   by  the   p r e s e n t   i n v e n t o r s  

t h a t   in  t he   c a s e   of  p r e p a r i n g   t he   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  



c o n t a i n i n g   Si  and  b e i n g   u n i f o r m   in  p a r t i c l e   s i z e   w i t h o u t   b e i n g  

c o n t a m i n a t e d   by  d e n d r i t e s ,   the   a d d i t i o n   of  a  w a t e r -  

s o l u b l e   ch romium  s a l t   i n t o   the   a q u e o u s   s o l u t i o n   of  a  f e r r o u s   s a l t ,  

the   a q u e o u s   s o l u t i o n   of  an  a l k a l i   m e t a l   o x i d e ,   t he   a q u e o u s  

s u s p e n s i o n   of  Fe(OH)2  b e f o r e   b l o w i n g   an  o x y g e n - c o n t a i n i n g   gas  o r  

the   a q u e o u s   s u s p e n s i o n   of  Fe(OH)2  d u r i n g   o x i d a t i o n   by  b l o w i n g  

an  o x y g e n - c o n t a i n i n g   gas  t h e r e i n t o   in  an  amoun t   of  0.1  to  5 . 0  

a t o m i c   %  c a l c u l a t e d   as  Cr  to  Fe  in  t h e   r e a c t i o n   s y s t e m   i m p r o v e s  

the   s p e c i f i c  s u r f a c e   a r e a   of  the   a c i c u l a r   f e r r o m a g n e t i c   a l l o y  

p a r t i c l e s   c o n t a i n i n g   Cr  o t h e r   t h a n   Si  o b t a i n e d   by  s u b j e c t i n g   t h e  

t h u s   p r e p a r e d   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   C r  

o t h e r   t han   Si  to  t h e r m a l   r e d u c t i o n .  

F u r t h e r ,   in  t he   p r e s e n t   i n v e n t o r s '   s t u d i e s   f o r   i m p r o v i n g  

t he   c o e r c i v e   f o r c e   of  t he   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s ,  

i t   has  been  found   by  t he   p r e s e n t   i n v e n t o r s   t h a t   in  the   c a s e   o f  

f o r m i n g   the   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   Si  a n d  

Cr,  the   a d d i t i o n   of  a  w a t e r - s o l u b l e   n i c k e l   s a l t   i n t o   the   a q u e o u s  

s o l u t i o n   of  a  f e r r o u s   s a l t ,   the   a q u e o u s   s o l u t i o n   of  an  a l k a l i  

m e t a l   h y d r o x i d e ,   t h e   a q u e o u s   s u s p e n s i o n   of  Fe(OH)2  b e f o r e   b l o w i n g  

an  o x y g e n - c o n t a i n i n g   gas  t h e r e i n t o   or  t h e   a q u e o u s   s u s p e n s i o n   o f  

Fe(OH)2  d u r i n g   o x i d a t i o n   t h e r e o f   by  b l o w i n g   t h e   o x y g e n - c o n t a i n i n g  

gas  t h e r e i n t o   g i v e s   the   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n  

t a i n i n g   Ni  o t h e r   t h a n   Si  and  Cr  s h o w i n g   a  l a r g e r   c o e r c i v e   f o r c e  

t h a n   t h a t   of  the   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   on ly   c o n -  

t a i n i n g   Si  and  Cr  w h i l e   r e t a i n i n g   the   s p e c i f i c   s u r f a c e   a r e a   a s  

l a r g e   as  t h a t   of  the   a c i c u l a r   f e r r o m a g n e t i c   p a r t i c l e s   o n l y  

c o n t a i n i n g   Si  and  C r .  

F u r t h e r m o r e ,   in  t he   p r e s e n t   i n v e n t o r s '   s t u d i e s   f o r  



f u r t h e r   i m p r o v i n g   t h e   s p e c i f i c   s u r f a c e   a r e a   and  t he   c o e r c i v e  

f o r c e   of  t he   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g  

S i ,   Cr  and  Ni,   i t   has   been   f o u n d   t h a t   (1)  in  t h e   c a s e   w h e r e  

t h e   a m o u n t   of  a d d i t i o n   of  t h e   w a t e r - s o l u b l e   c h r o m i u m   s a l t   is  o v e r  

5 .0   a t o m i c   %,  b o t h   t h e   c o e r c i v e   f o r c e   and  t he   s a t u r a t i o n  

m a g n e t i z a t i o n  o f   t he   m a g n e t i c   p a r t i c l e s   show  a  t e n d e n c y   o f  

d e c r e a s i n g   a l t h o u g h   t h e   s p e c i f i c   s u r f a c e   a r e a   i s   i m p r o v e d ,   (2) 

in  t h e   c a s e   where   t h e   amoun t   of  a d d i t i o n   of  t h e   w a t e r - s o l u b l e  

n i c k e l   s a l t   is  ove r   7.0  a t o m i c   %,  some  f o r e i g n   m a t t e r s   o t h e r   t h a n  

t h e   a c i c u l a r   c r y s t a l l i n e   a r e   f ound   in  t he   a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e O O H   and  (3)  in  t h e   c a s e   where   in  t h e   p r e p a r a t i o n   o f  

t h e   a c i c u l a r   p a r t i c l e s   of  a l pha -FeOOH  c o n t a i n i n g   S i ,   Cr  and  N i ,  

a  w a t e r - s o l u b l e   m a g n e s i u m   is   f u r t h e r   added   p r e l i m i n a r i l y   i n t o   t h e  

a q u e o u s   s o l u t i o n   of  a  f e r r o u s   s a l t ,   t he   a q u e o u s   s o l u t i o n   of  a n  

a l k a l i   m e t a l   h y d r o x i d e   or  t h e   a q u e o u s   s u s p e n s i o n   of  F e ( O H ) 2  b e f o r e  

b l o w i n g   t h e   o x y g e n - c o n t a i n i n g   gas  t h e r e i n t o   or  t h e   a q u e o u s  

s u s p e n s i o n   of  Fe(OH)2  d u r i n g   the   b l o w i n g   of  t h e   o x y g e n - c o n t a i n i n g  

gas   t h e r e i n t o   f o r   c a r r y i n g   ou t   o x i d a t i o n   in  an  amount   of  0.1  t o  

15 .0   a t o m i c  %   c a l c u l a t e d   as  Mg  to  Fe  in  t he   r e a c t i o n   s y s t e m  

and  t h e   t h u s   o b t a i n e d   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   i s  

t h e r m a l l y   r e d u c e d ,   b o t h   t h e   s p e c i f i c   s u r f a c e   a r e a   and  the   c o e r c i v e  

f o r c e   of   the   t h u s   o b t a i n e d   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s  

c o n t a i n i n g   S i ,   Cr,  Ni  and  Mg  a re   s u p e r i o r   to  t h o s e   of  the   a c i c u l a r  

f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   Cr  and  N i .  



In  a  f i r s t   a s p e c t   of  the   p r e s e n t   i n v e n t i o n ,   t h e r e   is   I 

p r o v i d e d   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   f o r   m a g n e t i c  

r e c o r d i n g ,   c o n t a i n i n g   S i ,   Cr,  Ni  and  P  i m p r e g n a t e d   w i t h   p h o s p h o r u s  

compound  and  s i l i c o n   c o m p o u n d .  

In  a  s e c o n d   a s p e c t   of  the   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   f o r   m a g n e t i c  

r e c o r d i n g ,   c o n t a i n i n g   S i ,  C r ,   Ni,   Mg  and  P  i m p r e g n a t e d   w i t h  

p h o s p h o r u s   compound  and  s i l i c o n   c o m p o u n d .  

In  a  t h i r d   a s p e c t   of  the   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a  p r o c e s s   f o r   p r o d u c i n g   a c i c u l a r   f e r r o m a g n e t i c   a l l o y  

p a r t i c l e s   c o n t a i n i n g   Si ,   Cr,  Ni  and  P  i m p r e g n a t e d   w i t h   p h o s p h o r u s  

compound  and  s i l i c o n   compound,   c o m p r i s i n g   t h e   s t e p s   o f  

o x i d i z i n g   Fe(OH)2  in  an  a q u e o u s   s u s p e n s i o n   by  b l o w i n g  

an  o x y g e n - c o n t a i n i n g   gas  i n t o   s a i d   a q u e o u s   s u s p e n s i o n   of  F e ( O H ) 2  

of  pH  of  h i g h e r   t h a n   11  o b t a i n e d   by  r e a c t i n g   a n  a q u e o u s   s o l u t i o n  

of  a  f e r r o u s   s a l t   w i t h   an  a q u e o u s   s o l u t i o n   of  an  a l k a l i   m e t a l  

h y d r o x i d e   t h e r e b y   o b t a i n i n g   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n i n g   Si ,   Cr  and  Ni,  a  w a t e r - s o l u b l e   s i l i c a t e  

b e i n g   added  i n t o   s a i d   a q u e o u s   s o l u t i o n   of  an  a l k a l i   m e t a l  

h y d r o x i d e   or  i n t o   s a i d   a q u e o u s   s u s p e n s i o n   of  Fe(OH)2  b e f o r e  

b l o w i n g   s a i d   o x y g e n - c o n t a i n i n g   gas  in  an  amoun t   of  0.1  to   1 . 7  

a t o m i c   %  ( c a l c u l a t e d   as  Si)  to  Fe  of  s a i d   f e r r o u s   s a l t   and  a  

w a t e r - s o l u b l e   ch romium  s a l t   and  a  w a t e r - s o l u b l e   n i c k e l   s a l t   b e i n g  

added  i n t o   s a i d   a q u e o u s   s o l u t i o n   of  t he   f e r r o u s   s a l t ,   s a i d   a q u e o u s  

s o l u t i o n   of  t h e   a l k a l i   m e t a l   h y d r o x i d e ,   s a i d   a q u e o u s   s u s p e n s i o n   o f  



Fe{OH)2  b e f o r e   b l o w i n g   t h e   o x y g e n - c o n t a i n i n g   gas   t h e r e i n t o ,  

or  s a i d   a q u e o u s   s u s p e n s i o n   of  Fe(OH)2  d u r i n g   o x i d i z i n g   by  b l o w i n g  

t h e   o x y g e n - c o n t a i n i n g   gas  t h e r e i n t o ,   in  t h e   r e s p e c t i v e   amount   o f  

0 .1   to   5 .0   a t o m i c   %  ( c a l c u l a t e d   as  Cr)  and  0 .1   to   7.0  a t o m i c   % 

( c a l c u l a t e d   as  Ni)  to  Fe  of  s a i d   f e r r o u s   s a l t ,  

a f t e r   c o l l e c t i n g   s a i d   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n i n g   S i ,   Cr  and  Ni  f rom  t h e   m o t h e r   l i q u o r   and  s u s p e n d i n g  

t h e   t h u s   o b t a i n e d   p a r t i c l e   in  w a t e r ,   a d d i n g   0 .1   to   2  %  by  w e i g h t  

of  a  s a l t   of  p h o s p h o r i c   a c i d   ( c a l c u l a t e d   as  P03)  to   s a i d   a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and  Ni  in  t he   t h u s  

f o r m e d   a q u e o u s   s u s p e n s i o n   of  pH  of  h i g h e r   t h a n   8 ,  

f u r t h e r   a d d i n g   0 .1   to   7.0  %  by  w e i g h t   of  a  w a t e r - s o l u b l e  

s i l i c a t e   ( c a l c u l a t e d   as  SiO2)  t h e r e i n t o ,   and  a d j u s t i n g  

t h e   pH  of  t he   t h u s   p r e p a r e d   a q u e o u s   s u s p e n s i o n   to   3  to  7,  t h e r e b y  

o b t a i n i n g   t he   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   Si ,   C r  

and  Ni  c o a t e d   w i t h   a  p h o s p h o r u s   compound  and  a  s i l i c o n   c o m p o u n d ,  

a f t e r   c o l l e c t i n g   s a i d   a c i c u l a r   p a r t i c l e s   by  f i l t e r i n g  

and  d r y i n g   s a i d   a c i c u l a r   p a r t i c l e s ,   s u b j e c t i n g   t h e   t h u s   d r i e d  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and  Ni  c o a t e d  

w i t h   s a i d   p h o s p h o r u s   compound   and  s a i d   s i l i c o n   compound  to  t h e r m a l  

t r e a t m e n t   in  a  n o n - r e d u c i n g   a t m o s p h e r e ,   t h e r e b y   o b t a i n i n g   t h e  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3   c o n t a i n i n g   S i ,   Cr  a n d  N i   i m p r e g -  

n a t e d   w i t h   s a i d   p h o s p h o r u s   compound  and  s a i d   s i l i c o n   c o m p o u n d ,  

s u b j e c t i n g   t h e   t h u s   o b t a i n e d   a c i c u l a r   p a r t i c l e s   of  a l p h a  

Fe203  c o n t a i n i n g   S i ,   Cr  and  Ni  i m p r e g n a t e d   w i t h   s a i d   p h o s p h o r u s  

compound   and  s a i d   s i l i c o n   compound  to  t h e r m a l   r e d u c t i o n   in  a 



r e d u c i n g   gas  t h e r e b y   o b t a i n i n g   a c i c u l a r   f e r r o m a g n e t i c   a l l o y  

p a r t i c l e s   c o n t a i n i n g   Si ,   Cr,  Ni  and  P  i m p r e g n a t e d   w i t h   p h o s p h o r u s  

compound  and  s i l i c o n   c o m p o u n d .  

In  a  f o u r t h   a s p e c t   of  the   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a  p r o c e s s   fo r   p r o d u c i n g   a c i c u l a r   f e r r o m a g n e t i c   a l l o y  

p a r t i c l e s   c o n t a i n i n g   S i ,   Cr,   Ni,   Mg  and  P  i m p r e g n a t e d   w i t h  

p h o s p h o r u s   compound  and  s i l i c o n   compound ,   c o m p r i s i n g   t he   s t e p s   o f  

o x i d i z i n g   Fe(OH)2  in  an  a q u e o u s   s u s p e n s i o n   by  b l o w i n g  

an  o x y g e n - c o n t a i n i n g   gas  i n t o   s a i d   a q u e o u s   s u s p e n s i o n   of  F e ( O H ) 2  

of  pH  of  h i g h e r   t h a n   11  o b t a i n e d   by  r e a c t i n g   an  a q u e o u s   s o l u t i o n  

of  a  f e r r o u s   s a l t   w i t h   an  a q u e o u s   s o l u t i o n   of  an  a l k a l i   m e t a l  

h y d r o x i d e   t h e r e b y   o b t a i n i n g   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n i n g   Si ,   Cr  and  Ni,  a  w a t e r - s o l u b l e   s i l i c a t e  

b e i n g   added   i n t o   s a i d   a q u e o u s   s o l u t i o n   of  an  a l k a l i   m e t a l  

h y d r o x i d e   or  i n t o   s a i d   a q u e o u s   s u s p e n s i o n   of  Fe(OH)2  b e f o r e   b l o w -  

ing  s a i d   o x y g e n - c o n t a i n i n g   gas  in  an  amount   of  0 .1   to  1.7  a t o m i c   % 

( c a l c u l a t e d   as  Si)  to  Fe  of  s a i d   f e r r o u s   s a l t ,   a  w a t e r - s o l u b l e  

chromium  s a l t   and  a  w a t e r - s o l u b l e   n i c k e l   s a l t   b e i n g   added   i n t o  

s a i d   a q u e o u s   s o l u t i o n   of  the   f e r r o u s   s a l t ,   s a i d   a q u e o u s   s o l u t i o n  

of  the   a l k a l i   m e t a l   h y d r o x i d e ,   s a i d   a q u e o u s   s u s p e n s i o n   of  F e ( O H ) 2  

b e f o r e   b l o w i n g   the   o x y g e n - c o n t a i n i n g   gas  t h e r e i n t o ,   or  s a i d  

a q u e o u s   s u s p e n s i o n   of  Fe(OH)2  d u r i n g   o x i d i z i n g   by  b l o w i n g   t h e  

o x y g e n - c o n t a i n i n g   gas  t h e r e i n t o ,   in  t he   r e s p e c t i v e   amount   of  0 . 1  

to  5.0  a t o m i c   %  ( c a l c u l a t e d   as  Cr)  and  0.1  to  7.0  a t o m i c   % 

( c a l c u l a t e d   as  Ni)  to  Fe  of  s a i d   f e r r o u s   s a l t ,   and  a  w a t e r - s o l u b l e  

magnes ium  s a l t   b e i n g   added  to  s a i d   a q u e o u s   s o l u t i o n   of  s a i d  



f e r r o u s   s a l t ,   s a i d   a q u e o u s   s o l u t i o n   of  s a i d   a l k a l i   m e t a l   h y d r o x i d e  

s a i d   a q u e o u s   s u s p e n s i o n   of  Fe(OH)2   b e f o r e   b l o w i n g   s a i d   o x y g e n -  

c o n t a i n i n g   gas  t h e r e i n ,   or   s a i d   a q u e o u s   s u s p e n s i o n   of  F e ( O H ) 2  

d u r i n g   b l o w i n g   s a i d   o x y g e n - c o n t a i n i n g   gas  t h e r e i n t o   in  an  a m o u n t  

of   0 .1   to  15.0   a t o m i c  %   as  Mg  to  Fe  c o r r e s p o n d i n g   to  s a i d   f e r r o u s  

s a l t   in  s a i d   a q u e o u s   s u s p e n s i o n   of  F e ( O H ) 2 ,   t h e r e b y   o x i d i z i n g   s a i d  

f e r r o u s   s a l t   i n t o   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g  

S i ,   Cr ,   Ni  and  Mg, 

a f t e r   c o l l e c t i n g   s a i d   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n i n g   S i ,   Cr,   Ni  and  Mg  from  t he   m o t h e r   l i q u o r   and  s u s p e n d i n g  

t h e   t h u s   o b t a i n e d   p a r t i c l e   in  w a t e r ,   a d d i n g   0 .1   to   2 %  by  w e i g h t  

of  a  s a l t   of  p h o s p h o r i c   a c i d   ( c a l c u l a t e d   as  P03)  to  s a i d   a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr,   Ni  and  Mg  in  t h e  

t h u s   f o r m e d   a q u e o u s   s u s p e n s i o n   of  pH  of  h i g h e r   t h a n   8 ,  

f u r t h e r   a d d i n g   0 .1  to  7 .0  %  by  w e i g h t   of  a  w a t e r - s o l u b l e  

s i l i c a t e   ( c a l c u l a t e d   as  S i02)   t h e r e i n t o ,   and  a d j u s t i n g  

t h e   pH  of  t he   t h u s   p r e p a r e d   a q u e o u s   s u s p e n s i o n   to   3  to  7,  t h e r e b y  

o b t a i n i n g   t h e   a c i c u l a r   p a r t i c l e s   of  a lpha -FeOOH  c o n t a i n i n g   S i ,   C r ,  

Ni  and  Mg  c o a t e d   w i t h   a  p h o s p h o r u s   compound  and  a  s i l i c o n   c o m p o u n d ,  

a f t e r   c o l l e c t i n g   s a i d   a c i c u l a r   p a r t i c l e s   by  f i l t e r i n g  

and  d r y i n g   s a i d   a c i c u l a r   p a r t i c l e s ,   s u b j e c t i n g   t he   t h u s   d r i e d  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr,  Ni  and  Mg 

c o a t e d   w i t h   s a i d   p h o s p h o r u s   compound  and  s a i d   s i l i c o n   compound  t o  

t h e r m a l   t r e a t m e n t   in  a  n o n - r e d u c i n g   a t m o s p h e r e ,   t h e r e b y   o b t a i n i n g  

t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3   c o n t a i n i n g   S i ,   Cr,  Ni  and  Mg 

i m p r e g n a t e d   w i t h   s a i d   p h o s p h o r u s   compound  and  s a i d   s i l i c o n   c o m p o u n d  



s u b j e c t i n g   t h e   t h u s   o b t a i n e d   a c i c u l a r   p a r t i c l e s   of  a l p h a -  

F e 2 0 3   c o n t a i n i n g   S i ,   Cr,   Ni  and  Mg  i m p r e g n a t e d   w i t h   s a i d  

p h o s p h o r u s   c o m p o u n d   and  s a i d   s i l i c o n   c o m p o u n d   to   t h e r m a l  

r e d u c t i o n   in   a  r e d u c i n g   gas   t h e r e b y   o b t a i n i n g   a c i c u l a r  

f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g , S i ,  C r ,   Ni ,   Mg  and  P 

i m p r e g n a t e d   w i t h   p h o s p h o r u s   c o m p o u n d   and  s i l i c o n   c o m p o u n d .  

The  a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   of  t h e   p r e s e n t  

i n v e n t i o n   c o n t a i n i n g   S i ,   C r ,   Ni  and  P  and   o p t i o n a l l y   Mg 

i m p r e g n a t e d   w i t h   p h o s p h o r u s   c o m p o u n d   and  s i l i c o n   c o m p o u n d  

a r e   m o s t   s u i t a b l e   as  a  m a g n e t i c   m a t e r i a l   f o r   a u d i o   and  v i d e o .  

m a g n e t i c   r e c o r d i n g ,   p a r t i c u l a r l y   as  a  m a g n e t i c   m a t e r i a l   f o r  

v i d e o .   The  p a r t i c l e s   of   t h e   i n v e n t i o n   a r e   n o t   c o n t a m i n a t e d  

by  any  d e n d r i t e s   and  do  n o t   h a v e   any  p a r t i c l e s   e n t w i n i n g  

e a c h   o t h e r ,   t h u s   r e s u l t i n g   in   p a r t i c l e s   h a v i n g   a  l a r g e  

a p p a r e n t   d e n s i t y ,   l a r g e   s p e c i f i c   s u r f a c e   a r e a   as  m i n u t e  

p a r t i c l e s ,   h i g h   s u r f a c e   and   i n t e r i o r   c r y s t a l l i n i t y ,   s u b s t a n t i -  

a l l y   h i g h   d e n s i t y ,   h i g h   c o e r c i v e   f o r c e   and  l a r g e   s a t u r a t i o n  

m a g n e t i z a t i o n .  

In  t h e   d e s c r i p t i o n   w h i c h   f o l l o w s ,   r e f e r e n c e   w i l l   be  m a d e  

to   t h e   a c c o m p a n y i n g   d r a w i n g s   i n   w h i c h :  

F i g .   1  shows  t h e   r e l a t i o n s h i p   b e t w e e n   t h e   a m o u n t   o f  

a  w a t e r - s o l u b l e   c h r o m i u m   s a l t   a d d e d   and  t h e   s p e c i f i c   s u r f a c e  

a r e a   of  t h e   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g  

b o t h   Si  and  Cr  or  t h a t   of   t h e   a c i c u l a r   f e r r o m a g n e t i c   a l l o y  

p a r t i c l e s   c o n t a i n i n g   o n l y   C r ;  

F i g .   2  shows  t h e   r e l a t i o n s h i p   b e t w e e n   t h e   a m o u n t   of  a  

w a t e r - s o l u b l e   n i c k e l   s a l t   and  t h e   c o e r c i v e   f o r c e   of  t h e  

a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   Cr  and  N i ;  

F i g .   3  shows  t h e   r e l a t i o n s h i p   b e t w e e n   t h e   a m o u n t   o f  

a d d i t i o n   of  t h e   w a t e r - s o l u b l e   m a g n e s i u m   s a l t   and  t h e   c o e r c i v e  

f o r c e   of  t h e   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g  

S i ,   Cr ,   Ni  and  Mg;  

F i g .   4  shows   t h e   r e l a t i o n s h i p   b e t w e e n   t h e   a m o u n t   o f  

a d d i t i o n   of  t h e   w a t e r - s o l u b l e   m a g n e s i u m   s a l t   and   t h e   s p e c i f i c  

s u r f a c e   a r e a ;  

F i g s . 5   to   10  a r e   e l e c t r o n   m i c r o s c o p e   p h o t o g r a p h s   t a k e n  

a t   a  m a g n i f i c a t i o n   of  20000   t i m e s !   F i g .   5  shows   t h e  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and  N i  



o b t a i n e d   i n   E x a m p l e   1,  F i g .   6  shows   t h e   a c i c u l a r   p a r t i c l e s   o f  

a l p h - F e O O H   o b t a i n e d   i n   C o m p a r a t i v e   E x a m p l e   1,  F i g .   7  s h o w s  

t h e   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   C r ,  

Ni  a n d   P  i m p r e g n a t e d   w i t h   p h o s p h o r u s   c o m p o u n d   and   s i l i c o n  

c o m p o u n d   o b t a i n e d   i n   E x a m p l e   43,  F i g .   8  s h o w s   t h e   f e r r o m a g n e t i c  

p a r t i c l e s   o b t a i n e d   i n   c o m p a r a t i v e   E x a m p l e   2,  F i g .   9  shows   t h e  

a c i c u l a r   p a r t i c l e s   of   a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr,  Ni  a n d  

Mg  o b t a i n e d   i n   E x a m p l e   71  and   F i g .   10  s h o w s   t h e   a c i c u l a r  

f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   Cr ,   N i ,   Mg  a n d  

P  i m p r e g n a t e d   w i t h   p h o s p h o r u s   c o m p o u n d   and   s i l i c o n   c o m p o u n d  

o b t a i n e d   i n   E x a m p l e   1 1 6 .  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a c i c u l a r   f e r r o m a g n e t i c  

a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   Cr,   Ni  and   P  and   o p t i o n a l l y   Mg 

i m p r e g n a t e d   w i t h   p h o s p h o r u s   c o m p o u n d   and   s i l i c o n   c o m p o u n d ,  

w h i c h   a r e   s u b s t a n t i a l l y   a c i c u l a r   c r y s t a l l i n e   i n   s t r u c t u r e ,  

m i n u t e   and   u n i f o r m   i n   p a r t i c l e   s i z e ,   n o t   c o n t a m i n a t e d   b y  

d e n d r i t e s ,   and   as  t h e   r e s u l t s ,   a r e   l a r g e   i n   a p p a r e n t  

d e n s i t y   and   s p e c i f i c   s u r f a c e   a r e a ,   s u b s t a n t i a l l y   h i g h   i n  

d e n s i t y   as  a  r e s u l t   of   r a i s e d   c r y s t a l l i n i t y   i n   t h e   s u r f a c e  

and   i n t e r i o r   of  t h e   p a r t i c l e s   t h e r e o f ,   and   p r o v i d e d   w i t h  

a  h i g h   c o e r c i v e   f o r c e   (Hc)  and   a  l a r g e   s a t u r a t i o n  

m a g n e t i z a t i o n   ( σ s ) ,   t h u s   b e i n g   s u i t a b l e   as  a  m a g n e t i c   m a t e r i a l  

f o r   m a g n e t i c   r e c o r d i n g   of   a u d i o ,   v i d e o ,  . e t c . ,   p a r t i c u l a r l y  

m o s t   s u i t a b l e   as  t h e   m a g n e t i c   m a t e r i a l   f o r   u s e   in   v i d e o ,  



magnes ium  s a l t   b e i n g   o p t i o n a l l y   added   to  s a i d   a q u e o u s   s o l u t i o n   o f  

s a i d   f e r r o u s   s a l t ,   s a i d   a q u e o u s   s o l u t i o n   of  s a i d   a l k a l i   m e t a l  

h y d r o x i d e ,   s a i d   a q u e o u s   s u s p e n s i o n   of  Fe(OH)2  b e f o r e   b l o w i n g   s a i d  

o x y g e n - c o n t a i n i n g   gas  t h e r e i n ,   or  s a i d   a q u e o u s   s u s p e n s i o n   o f  

Fe(OH)2  d u r i n g   b l o w i n g   s a i d   o x y g e n - c o n t a i n i n g   gas  t h e r e i n t o   i n  

an  amount  of  0.1  to  15.0   a t o m i c   %  as  Mg  to  Fe  c o r r e s p o n d i n g   t o  

s a i d   f e r r o u s   s a l t   in  s a i d   a q u e o u s   s u s p e n s i o n   of  F e ( O H ) 2 ,   t h e r e b y  

o x i d i z i n g   s a i d   f e r r o u s   s a l t   i n t o   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg, 

a f t e r   c o l l e c t i n g   s a i d   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  from  t h e  

mo the r   l i q u o r   and  s u s p e n d i n g   t he   t h u s   o b t a i n e d   p a r t i c l e   in  w a t e r ,  

a d d i n g   0.1  to  2  %  by  w e i g h t   of  a  s a l t   of  p h o s p h o r i c   a c i d  

( c a l c u l a t e d   as  P03)  to  s a i d   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  in  the   t h u s  

formed  a q u e o u s   s u s p e n s i o n   of  pH  of  h i g h e r   t h a n   8 ,  

f u r t h e r   a d d i n g   0 .1  to  7.0  %  by  w e i g h t   of  a  w a t e r - s o l u b l e  

s i l i c a t e   ( c a l c u l a t e d   as  S i02)   t h e r e i n t o ,   and  a d j u s t i n g  

the   pH  of  t he   t h u s   p r e p a r e d   a q u e o u s   s u s p e n s i o n   to  3  to  7,  t h e r e b y  

o b t a i n i n g   the   a c i c u l a r   p a r t i c l e s   of  a lpha -FeOOH  c o n t a i n i n g   S i ,   C r  

and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  c o a t e d   w i t h   a  p h o s p h o r u s  

compound  and  a  s i l i c o n   c o m p o u n d ,  

- - a f t e r   c o l l e c t i n g   s a i d   a c i c u l a r   p a r t i c l e s   by  f i l t e r i n g  

and  d r y i n g   s a i d   a c i c u l a r   p a r t i c l e s ,   s u b j e c t i n g   the   t h u s   d r i e d  

a c i c u l a r   p a r t i c l e s   of  a lpha -FeOOH  c o n t a i n i n g   Si ,   Cr  and  Ni  a n d  

o p t i o n a l l y   c o n t a i n i n g   Mg  c o a t e d   w i t h   s a i d   p h o s p h o r u s   compound  a n d  



s a i d   s i l i c o n   compound  to  t h e r m a l   t r e a t m e n t   in  a  n o n - r e d u c i n g  

a t m o s p h e r e ,   t h e r e b y   o b t a i n i n g   t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a -  

Fe2O3  c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  i m p r e g  

n a t e d   w i t h   s a i d   p h o s p h o r u s   compound  a n d - s a i d   s i l i c o n   c o m p o u n d ,  

s u b j e c t i n g   the   t h u s   o b t a i n e d   a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e 2 O 3   c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg 

i m p r e g n a t e d   w i t h   s a i d   p h o s p h o r u s   compound  and  s a i d   s i l i c o n  

compound  to   t h e r m a l   r e d u c t i o n   in   a  r e d u c i n g   gas  t h e r e b y   o b t a i n i n g  

a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   Cr,   Ni  a n d  

P  a n d   o p t i o n a l l y   c o n t a i n i n g   Mg  i m p r e g n a t e d   w i t h   p h o s p h o r u s  

compound  and  s i l i c o n   c o m p o u n d .  

F i g .   1  shows  t h e   r e l a t i o n s h i p   b e t w e e n   t he   amount   o f  

a  w a t e r - s o l u b l e   chromium  s a l t   added   and  t h e   s p e c i f i c   s u r f a c e   a r e a  

o f   t h e   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   b o t h  

S i   and  Cr  or   t h a t   of  t he   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s  

c o n t a i n i n g   o n l y   C r .  

The  e x p e r i m e n t s   were   c a r r i e d   out   as  f o l l o w s .  

I n t o   400  l i t r e s   of  a q u e o u s   s o l u t i o n   of  s o d i u m  

h y d r o x i d e ,   to  wh ich   sod ium  s i l i c a t e   and  chromium  s u l f a t e   had  b e e n  

p r e l i m i n a r i l y   added   r e s p e c t i v e l y   in  t he   r e s p e c t i v e   a m o u n t s   o f  
t 

0  t o   1.0  a t o m i c   %  ( c a l c u l a t e d   as  Si)  and  0  to  5 .0  a t o m i c  %  

( c a l c u l a t e d   as  Cr)  to  Fe,  i n t r o d u c e d   i n t o   a  r e a c t i o n   v e s s e l ,   300 

l i t r e s   of  a q u e o u s   s o l u t i o n   of  f e r r o u s   s u l f a t e ,   c o n t a i n i n g   1.2  mol  

of  F e 2 + / l i t r e   were  added  to  o b t a i n   an  a q u e o u s   s u s p e n s i o n   of  Fe (OH)2  

of  pH  of  1 3 . 8 ,   and  by  s u b j e c t i n g   t he   t h u s   o b t a i n e d   a q u e o u s  

s u s p e n s i o n   to  o x i d a t i o n   w h i l e   b l o w i n g   a i r   at   a  r a t e   of  1 0 0 0  



L i t r e s / m i n   t h e r e i n t o   at   a  t e m p e r a t u r e   of  45°C,   the   p a r t i c l e s   o f  

a c i c u l a r   c r y s t a l l i n e   a lpha-FeOOH  were  o b t a i n e d .   Then,   b y  

s u b j e c t i n g   the   t h u s   o b t a i n e d   p a r t i c l e s   to  t h e r m a l   r e d u c t i o n   f o r   4 

hou r s   at  430°C,   the   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s  

c o n t a i n i n g   b o t h   Si  and  Cr  and  t h o s e   c o n t a i n i n g   Cr  only   w e r e  

o b t a i n e d .   In  F i g .   1,  t he   C u r v e s   a,  b  a n d   c  r e s p e c t i v e l y   i n d i c a t e  

the   r e l a t i o n s h i p   b e t w e e n   the   r a t i o   of  c h r o m i u m   to  i r o n   and  t h e  

s p e c i f i c   s u r f a c e   a r e a   of  t he   p a r t i c l e s   no t   c o n t a i n i n g   Si ,   t h a t   o f  

the   p a r t i c l e s   c o n t a i n i n g   0 .35  a t o m i c   %  of  Si  and  t h a t   of  t h e  

p a r t i c l e s   c o n t a i n i n g   1.0  a t o m i c   %  of  S i .  

As  a re   s een   in  Curves   b  a n d   c,  in  t he   ca se   where  S i  

and  Cr  are   used   t o g e t h e r ,   the   s p e c i f i c   s u r f a c e   a r e a   of  t h e  

a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   Si  and  C r  

t o g e t h e r   is  r e m a r k a b l y   i m p r o v e d   and  t h e r e   i s   a  t e n d e n c y   of  t h e  

i n c r e a s e   of  the   s p e c i f i c   s u r f a c e   a r e a   w i t h   t he   i n c r e a s e   of  t h e  

amount   of  chromium  s u l f a t e ,   and  s i n c e   the   t e n d e n c y   a p p e a r s   f a r  

more  r e m a r k a b l y   t h a n   the   t e n d e n c y   of  t he   c a s e   where   Cr  was  s i n g l y  

added   as  is  seen  in  Curve  a,  i t   is  c o n s i d e r e d   by  the  p r e s e n t  

i n v e n t o r   t h a t   the   e f f e c t   is  due  to  the   s y n e r g i s m   of  Si  and  C r .  

A l t h o u g h   t h e   t h u s   o b t a i n e d   a c i c u l a r   f e r r o m a g n e t i c   a l l o y  

p a r t i c l e s   c o n t a i n i n g   Si  and  Cr  a re   u n i f o r m   in  p a r t i c l e   s i z e ,   n o t  

b e i n g   c o n t a m i n a t e d   by  d e n d r i t e s   and  l a r g e   in  s p e c i f i c  

s u r f a c e   a r e a ,   o n  t h e   o t h e r   hand ,   t h e r e   is   o b s e r v e d   a  t e n d e n c y   o f  

t he   d e c r e a s e   of  the   c o e r c i v e   f o r c e   of  t he   m a g n e t i c  p a r t i c l e s   w i t h  

t he   i n c r e a s e   of  t he   amount   of  Cr  a d d e d .  

F ig .   2  shows  the   r e l a t i o n s h i p   b e t w e e n   the   amount  o f  



a  w a t e r - s o l u b l e   n i c k e l   s a l t   and  the   c o e r c i v e   f o r c e   of  the   a c i c u l a l  

f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   Cr  and  Ni  o b t a i n e d  

in  t h e   f o l l o w i n g   e x p e r i m e n t s .  

The  e x p e r i m e n t s   were   c a r r i e d   ou t   as  f o l l o w s .  

I n t o   400  l i t r e s   of  a q u e o u s   s o l u t i o n   of  s o d i u m  

h y d r o x i d e   to  wh ich   s o d i u m   s i l i c a t e ,   ch romium  s u l f a t e   and  n i c k e l  

s u l f a t e   had  been   p r e l i m i n a r i l y   added  in  t h e   r e s p e c t i v e   a m o u n t s  

of  0 . 3 5   a t o m i c   %  c a l c u l a t e d   as  S i ,   0.5  a t o m i c  %   c a l c u l a t e d   a s  

Cr  and  0  to  7.0  a t o m i c  %   c a l c u l a t e d   as  Ni  and  wh ich   had  b e e n  

i n t r o d u c e d   i n t o   a  r e a c t i o n   v e s s e l ,   300  l i t r e s   of  a q u e o u s   s o l u t i o n  

of  f e r r o u s   s u l f a t e   c o n t a i n i n g   1 .2  mol  of  F e 2 + / l i t r e   were  a d d e d ,  

t h e r e b y   o b t a i n i n g   an  a q u e o u s   s u s p e n s i o n   of  Fe(OH)2   at   a  pH  o f  

1 4 . 0 ,   and  a i r   was  b lown   i n t o   t h e   t h u s   o b t a i n e d   a q u e o u s   s u s p e n s i o n  

a t   a  r a t e   of  1000  l i t r e s / m i n   at   a  t e m p e r a t u r e   of  45°C  of  t h e  

a q u e o u s   s u s p e n s i o n   to   c a r r y   ou t   o x i d a t i o n   of  F e ( O H ) 2 ,   t h e r e b y  

f o r m i n g   t he   a c i c u l a r   p a r t i c l e s   of  a lpha -FeOOH  c o n t a i n i n g   S i ,   C r  

and  Ni.   By  t h e r m a l l y   r e d u c i n g   t he   t h u s   o b t a i n e d   p a r t i c l e s   a t  

420°C  f o r   4  h o u r s ,   t h e   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s  

c o n t a i n i n g   S i ,   Cr  and  N i .  

As  is   s een   in   F i g .   2,  t h e r e   is   o b t a i n e d   a  t e n d e n c y   o f  

t h e   i n c r e a s e   of  t h e   c o e r c i v e   f o r c e   of  t he   t h u s   o b t a i n e d   a c i c u l a r  

f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   Cr  and  Ni  w i t h  t h e  

i n c r e a s e   of  t he   amount   of  n i c k e l   s u l f a t e   added   in  t he   r e a c t i o n  

s y s t e m .   The  p h e n o m e n o n   of  i n c r e a s i n g   the   c o e r c i v e   f o r c e   of  t h e  

a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   Cr  

and  Ni  w h i l e   r e t a i n i n g   t he   l a r g e   s p e c i f i c   s u r f a c e   a r e a   t h e r e o f  

i s   n e v e r   s een   in  t h e   c a s e   where   a n y  o n e   of  S i ,   Cr  and  Ni  is  n o t  



c o n t a i n e d   in  the   m a g n e t i c   p a r t i c l e s ,   and  a c c o r d i n g l y ,   t h e  

p r e s e n t   i n v e n t o r   c o n s i d e r s   t h a t   the   phenomenon   is   due  to  t h e  

s y n e r g i s m   of  S i ,   Cr  and  N i .  

F i g .   3  shows  the   r e l a t i o n s h i p   b e t w e e n   t h e   amount   o f  

a d d i t i o n   of  t he   w a t e r - s o l u b l e   magnes ium  s a l t   and  t h e   c o e r c i v e  

f o r c e   of  t he   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g  

S i ,   Cr,   Ni  and  Mg  p r o d u c e d   in  t h e   f o l l o w i n g   e x p e r i m e n t s ,   a n d  

F ig .   4  shows  the   r e l a t i o n s h i p   b e t w e e n   the   amount   of  a d d i t i o n   o f  

the  w a t e r - s o l u b l e   magnes ium  s a l t   and  the   s p e c i f i c   s u r f a c e   a r e a   o f  

t h o s e   shown  a b o v e .  

The  e x p e r i m e n t s   were   c a r r i e d   out  as  f o l l o w s .  

I n t o   400  l i t r e s   of  a q u e o u s   s o l u t i o n   of  s o d i u m  

h y d r o x i d e   to  which   sodium  s i l i c a t e ,   chromium  s u l f a t e ,   n i c k e l  

s u l f a t e   and  magnes ium  s u l f a t e   had  been  r e s p e c t i v e l y   a d d e d  

p r e l i m i n a r i l y   in  the   r e s p e c t i v e   amounts   of  0 .35  a t o m i c   %  c a l c u -  

l a t e d   as  S i ,   0 .50  a t o m i c   %  c a l c u l a t e d   as  Cr,  3.0  a t o m i c   % 

c a l c u l a t e d   as  Ni  and  0  to  15 .0   a t o m i c   %  c a l c u l a t e d   as  Mg,  300 

l i t r e s   of  a q u e o u s   s o l u t i o n   of  f e r r o u s   s u l f a t e   c o n t a i n i n g   1.2  m o l  

of  F e 2 + / l i t r e   were  a d d e d ,  t h e r e b y   o b t a i n i n g   an  a q u e o u s   s u s p e n s i o n  

of  Fe(OH)2  of  pH  of  1 4 . 0 ,   and  by  b l o w i n g   a i r   i n t o   t he   t h u s  

o b t a i n e d   a q u e o u s   s u s p e n s i o n   a t   50°C,  at  a  r a t e   of  1000  l i t r e s   p e r  

m i n u t e   to  c a r r y   out   o x i d a t i o n   of  F e ( O H ) , ,   the   a c i c u l a r   p a r t i c l e s  

of  a lpha-FeOOH  c o n t a i n i n g   S i ,   Cr,  Ni  and  Mg  were  f o r m e d .  

T h e  t h u s   formed  p a r t i c l e s   were  s u b j e c t e d   to  t h e r m a l  

r e d u c t i o n   at  420°C  fo r   4.5  h o u r s   to  o b t a i n   the   a c i c u l a r   f e r r o -  

m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   Si ,   Cr,  Ni  and  Mg. 



S i n c e   the   p h e n o m e n o n   of   t h e   i m p r o v e m e n t   of  b o t h   t h e  

c o e r c i v e   f o r c e   and  t h e   s p e c i f i c   s u r f a c e   a r e a   c o u l d   no t   be  o b s e r v e d  

in  t he   m a g n e t i c   p a r t i c l e s   w h i c h   l a c k   any  of  S i ,   Cr,   Ni  and  Mg, 

i t   is  c o n s i d e r e d   by  t h e   i n v e n t o r s t h a t   t he   phenomenon   i s   due  to  t h e  

s y n e r g i s m   of   S i ,   Cr,   Ni  and  Mg  w i t h   F e .  

A c c o r d i n g l y ,   t h e   c o n d i t i o n s   in  t he   p r o c e s s   f o r   p r o d u c i n g  

t h e   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   P,  S i ,   C r  a n d  

Ni  and  o p t i o n a l l y   c o n t a i n i n g -  M g   i m p r e g n a t e d   wi th   p h o s p h o r u s   c o m p o u n d  

and  s i l i c o n   compound  of  our   i n v e n t i o n   a re   e x p l a i n e d   as  f o l l o w s :  

As  t h e   w a t e r - s o l u b l e   c h r o m i u m   s a l t   f o r   use   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ,   c h r o m i u m   s u l f a t e   and  ch romium  c h l o r i d e   may 

be  m e n t i o n e d ,   and  i t   is   n e c e s s a r y   to  make  the   ch romium  s a l t   e x i s t  

a t   t he   t i m e   of  f o r m a t i o n   of  t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg.  For   t h a t  

p u r p o s e ,   t h e   ch romium  s a l t   may  be  added   i n t o   the   a q u e o u s   s o l u t i o n  

of  a  f e r r o u s   s a l t ,   t he   a q u e o u s   s o l u t i o n   of  an  a l k a l i   m e t a l  

h y d r o x i d e , t h e   a q u e o u s   s u s p e n s i o n   of  Fe(OH)2  b e f o r e   b l o w i n g   t h e  

o x y g e n - c o n t a i n i n g   gas  or  t h e   a q u e o u s   s u s p e n s i o n   of  FeCOH)2  i n  

r e a c t i o n   by  b l o w i n g   t he   gas .   I t   i s   n o t i c e a b l e   t h a t   t h e   a d d i t i o n  

of  t he   c h r o m i u m   s a l t   a f t e r   c o m p l e t i o n   of  the   f o r m a t i o n   of  t h e  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   can  no t   g ive   t he   e f f e c t   o f  

a d d i n g   t h e r e o f ,   b e c a u s e   ch romium  does   no t   e n t e r   i n t o   t h e   c o m p l e t e d  

p a r t i c l e .  

A l m o s t   a l l   c h r o m i u m  o f   t he   added  chromium  s a l t   (0 .1  t o  

5.0  a t o m i c  %   c a l c u l a t e d   as  Cr  to   Fe  in  the   r e a c t i o n   s y s t e m )   i s  

c o n t a i n e d   in  t h e   t h u s   fo rmed   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H ,  



and  as  w i l l   be  seen   in  T a b l e s   2  and  8,  the  t h u s   o b t a i n e d   a c i c u l a r  

p a r t i c l e s   of  a lpha -FeOOH  c o n t a i n s   0 .296   to  2 .98   a t o m i c   %  of  C r ,  

which  is   n e a r l y   the   same  as  t h e   added   amount   of  Cr,   to  Fe  in  t h e  

p a r t i c l e .  

In  t he   case   where  t he   amount   of  a d d i t i o n   of  the   w a t e r -  

s o l u b l e   ch romium  s a l t   is  l e s s   t h a n   0 .1  a t o m i c  %   c a l c u l a t e d   as  C r  

to  Fe  in  t he   s y s t e m ,   the   e f f e c t   of  i m p r o v i n g   the   s p e c i f i c   s u r f a c e  

a r e a   of  the   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   can  no t   b e  

o b t a i n e d ,   h o w e v e r ,   on  the   o t h e r   h a n d ,   in  the   c a s e   where   t he   a m o u n t  

is  ove r   5.0  a t o m i c   %  c a l c u l a t e d   as  Cr,   t he   c o e r c i v e   f o r c e   and  t h e  

s a t u r a t i o n   m a g n e t i z a t i o n   of  t he   a c i c u l a r   f e r r o m a g n e t i c   a l l o y  

p a r t i c l e s   ( h e r e i n a f t e r   r e f e r r e d   to  as  " the   f i n a l   p r o d u c t " )   a r e  

r e d u c e d   and  no t   f a v o r a b l e   a l t h o u g h   t he   e f f e c t   of  i m p r o v i n g   t h e  

s p e c i f i c   s u r f a c e   a r e a   t h e r e o f   i s   r e t a i n e d .  

As  the   w a t e r - s o l u b l e   n i c k e l   s a l t   f o r   use  a c c o r d i n g   t o  

the   p r e s e n t   i n v e n t i o n ,   n i c k e l   s u l f a t e ,   n i c k e l   c h l o r i d e   and  n i c k e l  

a c e t a t e   and  t h e   l i k e   may  be  m e n t i o n e d ,   and  the   t ime   p o i n t   of  a d d i n g  

the   w a t e r - s o l u b l e   n i c k e l   s a l t   i s   s u b s t a n t i a l l y   the   same  as  t h a t   o f  

the   w a t e r - s o l u b l e   chromium  s a l t ,   name ly   i t   is  added   to  t he   a q u e o u s  

s o l u t i o n   of  a  f e r r o u s   s a l t ,   t he   a q u e o u s   s o l u t i o n   of  an  a l k a l i   m e t a l  

h y d r o x i d e ,   t he   a q u e o u s   s u s p e n s i o n   of  Fe(OH)2  b e f o r e   b l o w i n g   t h e  

o x y g e n - c o n t a i n i n g   gas  or  the   a q u e o u s   s u s p e n s i o n   of  Fe(OH)2   i n  

r e a c t i o n   by  b l o w i n g   the  o x y g e n - c o n t a i n i n g   gas  t h e r e i n t o ,   in  a n  

amount   of  0 .1   to  7.0  a t o m i c   %  c a l c u l a t e d   as  Ni  to  Fe  in  t he   r e a c -  

t i o n   s y s t e m .   The  s i t u a t i o n   of  i n a b i l i t y   of  the   a d d i t i o n   of  t h e  

w a t e r - s o l u b l e   n i c k e l   s a l t   in  i m p r o v i n g   the   q u a l i t y   of  t he   f i n a l  



p r o d u c t   a f t e r   t h e   c o m p l e t i o n   of  t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a -  

FeOOH  i s   q u i t e   t h e   same  as  in  t h e   c a s e   of  t he   w a t e r - s o l u b l e  

c h r o m i u m   s a l t .   A l m o s t   a l l   of  n i c k e l   in  t h e   t h u s   added   w a t e r -  

s o l u b l e   n i c k e l   s a l t   is   c o n t a i n e d   in  t he   t h u s   f o r m e d   a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e O O H ,   and  as  w i l l   be  seen   in  T a b l e s   2  and  8 , t h  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n s   n e a r l y   t h e   same  a m o u n t  

as  t h a t   a d d e d ,   n a m e l y ,   2 . 0 1   to   7 .00   a t o m i c  %   c a l c u l a t e d   as  Ni  t o  

Fe  in  t h e   p a r t i c l e s .   In  t h e   c a s e   where   t h e   added   amount   of  t h e  

w a t e r - s o l u b l e   n i c k e l   s a l t   i s   b e l o w   0.1  a t o m i c   %  c a l c u l a t e d   as  N i  

to  Fe  in  t h e   r e a c t i o n   s y s t e m ,   t h e   e f f e c t   of  i m p r o v i n g   t he   c o e r c i v e  

f o r c e   of  t h e   f i n a l   p r o d u c t   i s   n o t   e x h i b i t e d ,   and  on  the   o t h e r  

h a n d ,   in  t h e   c a s e   where   t h e   a d d e d   amount   of  n i c k e l   in  ove r   7 . 0  

a t o m i c   %,  i t   i s   u n f a v o r a b l e   b e c a u s e   of  the   c o n t a m i n a t i o n   of  t h e  

f i n a l   p r o d u c t   by  the   f o r e i g n   m a t t e r s   a l t h o u g h   t h e   o b j e c t   of  t h e  

p r e s e n t   i n v e n t i o n   i s   a t t a i n e d .  

As  t he   w a t e r - s o l u b l e   m a g n e s i u m   s a l t   f o r   use   a c c o r d i n g  

to  t h e   p r e s e n t   i n v e n t i o n ,   m a g n e s i u m   s u l f a t e   and  m a g n e s i u m   c h l o r i d e  

may  be  m e n t i o n e d .   The  t i m e   p o i n t   of  a d d i t i o n   of  t he   w a t e r - s o l u b l e  

m a g n e s i u m   s a l t ,   and  t he   t a r g e t   of  t h e   a d d i t i o n   t h e r e o f   a re   q u i t e  

t h e   same  as  in  t he   c a s e   of  t h e   w a t e r - s o l u b l e   c h r o m i u m   s a l t   b e c a u s e  

of  t h e   same  r e a s o n   in  t h e   c a s e   t h e r e o f .   A l m o s t  a l l   of  m a g n e s i u m  

of  t h e   t h u s   added   w a t e r - s o l u b l e   magnes ium  s a l t   a m o u n t i n g   to  0 . 1  

to  15 .0   a t o m i c  %   c a l c u l a t e d   as  Mg  to  Fe  of  the   r e a c t i o n   s y s t e m  

is   c o n t a i n e d   in  t he   a c i c u l a r  p a r t i c l e s   of  a l p h a - F e O O H ,   and  a s  

w i l l   be  s een   in  T a b l e   8,  t h e   t h u s   o b t a i n e d   a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e O O H   c o n t a i n s   a l m o s t   t h e   same  amount   of  Mg  as  t h a t   of  t h e  



added   a m o u n t ,   t h a t   i s ,   1 . 01   to   14 .94   a t o m i c   %  c a l c u l a t e d   as  Mg 

to  Fe  in  the   s y s t e m .  

In  the   c a s e   where   t he   amount  of  a d d i t i o n   of  the   w a t e r -  

s o l u b l e   m a g n e s i u m   s a l t   is  be low  0.1  a t o m i c   %  c a l c u l a t e d   as  Mg  t o  

Fe,  t he   e f f e c t   of  i m p r o v i n g   t h e   s p e c i f i c   s u r f a c e   a r e a   and  t h e  

c o e r c i v e   f o r c e   of  the   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s ,  

and  on  t h e - - o t h e r   hand ,   in  t h e   c a s e   where  the   a m o u n t  

is   o v e r   15 .0   a t o m i c   %  c a l c u l a t e d   as  Mg  to  Fe,  t h e   s a t u r a t i o n  

m a g n e t i z a t i o n   of  t he   f i n a l   p r o d u c t   is  u n f a v o r a b l y   r e d u c e d   a l t h o u g h  

the   o t h e r   o b j e c t s   of  t he   p r e s e n t   i n v e n t i o n   a re   a c h i e v e d .  

C o n c e r n i n g   the   s t e p   of  t h e r m a l   r e d u c t i o n   of  the   a c i c u l a r  

p a r t i c l e s   of  a lpha -FeOOH  c o n t a i n i n g   Si ,   Cr  and  Ni  and  o p t i o n a l l y  

c o n t a i n i n g   Mg,  which  a re   u n i f o r m   in  p a r t i c l e   s i z e   and  a re   n o t  

c o n t a m i n a t e d   by  d e n d r i t e s ,   t h e r e b y   o b t a i n i n g   t h e  

a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s ,   t he   s a t u r a t i o n   m a g n e t i -  

z a t i o n   of  the   f i n a l   p r o d u c t   becomes   l a r g e r   w i t h   t h e   r a i s e  o f  

the   t e m p e r a t u r e   of  r e d u c t i o n ,   h o w e v e r ,   t he   d e f o r m a t i o n   a n d  

s i n t e r i n g   of  t he   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   and  t h e  

s i n t e r i n g   b e t w e e n   the   p a r t i c l e s   become  r e m a r k a b l e   w i t h   the   r a i s e  

of  t h e   t e m p e r a t u r e   of  r e d u c t i o n   r e s u l t i n g   in  t he   r e d u c t i o n   of  t h e  

c o e r c i v e   f o r c e   of  the   f i n a l   p r o d u c t .   P a r t i c u l a r l y ,   t he   shape  a n d  

form  of  t he   p a r t i c l e s   a re   h i g h l y   s u s c e p t i b l e   to  t he   t e m p e r a t u r e   i n  

h e a t i n g ,   and  in  the   ca se   where   the   h e a t i n g   a t m o s p h e r e   is   r e d u c t i v e ,  

t he   g r o w t h   of  each  p a r t i c l e   becomes   r e m a r k a b l e   r e s u l t i n g   in  o v e r -  

g r o w t h   beyond   the   s i z e   of  t he   o r i g i n a l   p a r t i c l e   o f  a l p h a - F e O O H  

and  in  t h e   d i s a p p e a r a n c e   of  t he   o u t l i n e   of  t he   o r i g i n a l   p a r t i c l e s .  



N a m e l y ,   t h e   p a r t i c l e s   a r e   d e f o r m e d   and  s i n t e r e d   t o g e t h e r   r e s u l t i n g  

in  t h e   r e d u c t i o n   of  t h e   c o e r c i v e   f o r c e .  

The  c a u s e   of  t h e   d e f o r m a t i o n   of  t he   p a r t i c l e   i t s e l f  

and  t h e   s i n t e r i n g   b e t w e e n   t h e   p a r t i c l e s   d u r i n g   the   t h e r m a l  

r e d u c t i o n   of  t h e   a c i c u l a r   p a r t i c l e s   of  a l pha -FeOOH  is   c o n s i d e r e d  

as  f o l l o w s :  

G e n e r a l l y ,   t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3  

o b t a i n e d   by  t h e r m a l l y   d e h y d r a t i o n   of  t he   a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e O O H   a t   a  t e m p e r a t u r e   of  a b o u t   300°C  have   s u c c e e d e d   t h e  

a c i c u l a r   c r y s t a l l i n e   form  and  r e t a i n   t h e r e o f ,   h o w e v e r ,   on  t h e  

o t h e r   h a n d ,   t h e r e   a r e   many  open  h o l e s   on  t he   s u r f a c e   and  t h e  

i n t e r i o r   p a r t s   of  t h e   p a r t i c l e s   and  t he   d e g r e e   of  c r y s t a l l i n i t y  

as  a l p h a - F e 2 0 3   is   v e r y   low  b e c a u s e   of  t he   i n s u f f i c i e n t   g r o w t h  

of  t h e   p a r t i c l e .  

A c c o r d i n g l y ,   in  t h e   c a s e   where   such  a c i c u l a r   p a r t i c l e s  

of  a l p h a - F e 2 0 3   a re   s u b j e c t e d   to  t h e r m a l   r e d u c t i o n ,   u n i f o r m   g r o w t h  

of  t h e   s i n g l e   p a r t i c l e   h a r d l y   o c c u r s   b e c a u s e   of  t he   too  r a p i d  

g r o w t h   t h e r e o f   due  to   t he   r a p i d   p h y s i c a l   c h a n g e .  

C o n s e q u e n t l y ,   in  t h e   r e g i o n   of  a  s i n g l e   p a r t i c l e ,   w h e r e  

t h e   g r o w t h   of  t he   p a r t i c l e   has   r a p i d l y   o c c u r r e d ,   s i n t e r i n g   o f  

t h e   p a r t i c l e   and  s i n t e r i n g   b e t w e e n   such  p a r t s   r e s p e c t i v e l y   f o r m e d  

on  t h e   i n d e p e n d e n t   p a r t i c l e s   have  o c c u r r e d ,   and  as  a  r e s u l t ,  

t h e   form  and  shape   of   t he   p a r t i c l e s   become  v e r y   f r a g i l e .   I n  

a d d i t i o n ,   in  such  a  t h e r m a l   r e d u c t i o n   s t e p ,   owing  to  t he   r a p i d  

vo lume   c o n t r a c t i o n   f rom  m e t a l   o x i d e   to  m e t a l ,   t he   form  and  s h a p e  

of  t h e   p a r t i c l e s   become  t h e   more  f r a g i l e .  



A c c o r d i n g l y ,   in  o r d e r   to  p r e v e n t   b o t h   t he   d e f o r m a t i o n  

of  t he   form  and  shape   of  t he   p a r t i c l e s   and  the   s i n t e r i n g   of  e a c h  

p a r t i c l e   and  b e t w e e n   t he   p a r t i c l e s   i t   is  n e c e s s a r y   to  d e v i s e   how  t o  

have  the  s u f f i c i e n t   and  u n i f o r m   g r o w t h   of  the   a c i c u l a r   p a r t i c l e s  

of  a l p h a - F e 2 0 3   c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g  

Mg,  t h e r e b y   o b t a i n   the   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3   c o n t a i n i n g  

S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  p r o v i d e d   w i t h   a  r a i s e d  

c r y s t a l l i n i t y   and  d e n s i t y ,   which   have  s u c c e e d e d   t h e   a c i c u l a r  

c r y s t a l l i n e   form  of  t he   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   and  a r e  

r e t a i n i n g   t h e r e o f .  

As  a  means  f o r   o b t a i n i n g   such  a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e 2 0 3   p r o v i d e d   w i t h   a  r a i s e d   c r y s t a l l i n i t y   and  d e n s i t y ,   a  

me thod   of  s u b j e c t i n g   t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   t o  

t h e r m a l   t r e a t m e n t   in  a  n o n - r e d u c i n g   a t m o s p h e r e   has   been   k n o w n ,  

and  in  g e n e r a l ,   and  i t   has   a l s o   been  known  t h a t   t he   h i g h e r   t h e  

t e m p e r a t u r e   of  t h e r m a l   t r e a t m e n t ,   the   more  e f f e c t i v e   of  the   g r o w t h  

of  s i n g l e   p a r t i c l e   and  t he   h i g h e r   is  the   d e g r e e   of  t he   c r y s -  

t a l l i n i t y   of  t he   t h u s   f o r m e d   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3 "  

In  the   case   whe re   the   t e m p e r a t u r e   of  t h e r m a l   t r e a t m e n t  

is  h i g h e r   t han   650°C,   t he   s i n t e r i n g   p r o c e e d s   to  c a u s e   t h e  

d i s i n t e g r a t i o n   of  the   p a r t i c l e s ,   and  a c c o r d i n g l y ,   as  a  means  f o r  

p r e v e n t i n g   the   s i n t e r i n g ,   a  me thod   fo r   c o a t i n g   t h e  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   p r e l i m i n a r i l y   w i t h   an  o r g a n i c  

or  i n o r g a n i c   c o m p o u n d ( s )   h a v i n g   an  e f f e c t   of  p r e v e n t i n g   the   s i n -  

t e r i n g   has  been  known.  In  t he   p r e s e n t   i n v e n t i o n ,   as  one  o f  

such  m e t h o d s   fo r   c o a t i n g   t he   a c i c u l a r   p a r t i c l e s   o f  



a l p h a - F e O O H   in  a d v a n c e   of  t h e   t h e r m a l   t r e a t m e n t   in  a  n o n - r e d u c i n g  

a t m o s p h e r e   w i t h   i n o r g a n i c   c o m p o u n d s ,   t he   f o l l o w i n g   t r e a t m e n t   i s  

c a r r i e d   o u t .  

A f t e r   p r e p a r i n g   t h e   a c i c u l a r   p a r t i c l e s   of   a l p h a - F e O O H  

c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  a c c o r d i n g  

to  t h e   s t e p s   of  t he   p r e s e n t   i n v e n t i o n ,   as  has  been   s t a t e d ,   a n d  

c o l l e c t i n g   t h e r e o f   f rom  t he   m o t h e r   l i q u o r ,   t he   p a r t i c l e s   a r e  

s u s p e n d e d   in   w a t e r ,   and  a f t e r   r e g u l a t i n g   the   pH  of  t he   t h u s  

o b t a i n e d   a q u e o u s   s u s p e n s i o n   h i g h e r   t h a n   8,  0.1  to  2  %  by  w e i g h t  

of  a  s a l t   of  p h o s p h o r i c   a c i d   ( c a l c u l a t e d   as  PO3)  to  t h e   p a r t i c l e s  

and  t h e n   0 .1   to   7.0  %  by  w e i g h t   of  a  w a t e r - s o l u b l e   s i l i c a t e  

( c a l c u l a t e d   as  S i02)   to  t he   p a r t i c l e s   a re   added   to  t h e  

a q u e o u s   s u s p e n s i o n ,   and  t h e r e a f t e r ,   by  a d j u s t i n g   t h e   pH  of  t h e  

a q u e o u s   s u s p e n s i o n ,   t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n -  

ing   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  c o a t e d  

w i t h   a  p h o s p h o r u s   compound  and  a  s i l i c o n   compound  a r e  

o b t a i n e d .  

Of  t he   t h u s   added   two  c o m p o u n d s ,   t he   w a t e r - s o l u b l e   s i l i -  

c a t e   b e c o m e s   a  s i l i c i c   compound  which   c o a t s   t he   a c i c u l a r   p a r t i c l e s  

of  a l p h a   FeOOH  c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g  

Mg  and  s e r v e s   t he   r o l e   of  p r e v e n t i n g   t he   s i n t e r i n g .   H o w e v e r ,  

t h e   s a l t   of  p h o s p h o r i c   a c i d   p l a y s   a n o t h e r   i m p o r t a n t   r o l e   in  t h e  

p r e s e n t   i n v e n t i o n ,   such  an  e f f e c t   of  t he   s a l t   of  p h o s p h o r i c   a c i d  

b e i n g   f o u n d   by  t h e   p r e s e n t   i n v e n t o r s .   The  s i t u a t i o n   i s   a s  

f o l l o w s ;  

In  g e n e r a l ,   t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  



c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg,  in  the   s t e p  

of  t h e i r   c r y s t a l   g r o w t h   w i t h i n   the   m o t h e r   l i q u o r   at   t he   t ime   o f  

r e a c t i o n   of  f o r m a t i o n   of  FeOOH  in  an  a q u e o u s   r e a c t i o n   s y s t e m ,  

form  the   g r o u p s   of  t he   p a r t i c l e s   which   a re   f a i r l y   s t r o n g l y   i n t e r -  

wound  and  a g g r e g a t e d   t o g e t h e r   and  a c c o r d i n g l y ,   in  the   c a s e   w h e r e  

t h e y   are  c o a t e d   w i t h   an  a g e n t   fo r   p r e v e n t i n g   the   s i n t e r i n g   a s  

t h e y   a r e ,   o n l y   the   s i n t e r i n g   is   p r e v e n t e d   and  the   s t a t e   of  a g g l o m -  

e r a t i o n   and  a g g r e g a t i o n   i s   m a i n t a i n e d   as  i t   was .   A c c o r d i n g l y ,   t h e  

a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   Cr  and  N i  

and  o p t i o n a l l y   c o n t a i n i n g   Mg,  which   a re   o b t a i n e d   by  t h e r m a l  

r e d u c t i o n   of  t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3   c o n t a i n i n g   S i ,  

Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  o b t a i n e d   by  t h e r m a l   t r e a t -  

ment  of  t he   a b o v e - m e n t i o n e d   i n t e r w o u n d   and  a g g r e g a t e d   a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y  

c o n t a i n i n g   Mg,  a re   n e c e s s a r i l y   i n t e r w o u n d   and  a g g r e g a t e d   t o g e t h e r .  

A  s u f f i c i e n t   d i s p e r s i b i l i t y   of  such   p a r t i c l e s   in  t h e  

v e h i c l e   and  a  s u f f i c i e n t   o r i e n t a t i o n   and  a  s u f f i c i e n t   p a c k i n g  

of  such  p a r t i c l e s   in  t h e   c o a t i n q   medium  c a n n o t   b e  

e x p e c t e d .  

In  t h i s   c o n n e c t i o n ,   t he   s a l t   of  p h o s p h o r i c   a c i d   added   t o  

t he   aqueous   s u s p e n s i o n   of  t he   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  b e f o r e   t h e  

a d d i t i o n   of  t he   w a t e r - s o l u b l e   s i l i c a t e   p l a y s   an  i m p o r t a n t   r o l e   o f  

u n w i n d i n g   and  u n b i n d i n g   of  the   i n t e r w o u n d   and  a g g r e g a t e d   p a r t i c l e s .  

In  t he   s t e p   of  the   a d d i t i o n   of  t he   s a l t   of  p h o s p h o r i c  

a c i d   to  the   a q u e o u s   s u s p e n s i o n   of  the   a c i c u l a r   p a r t i c l e s   o f  



a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g  

Mg,  t h e   c o n c e n t r a t i o n   of  t h e   p a r t i c l e s   in  t h e   a q u e o u s   s u s p e n s i o n  

i s   p r e f e r a b l y   l e s s   t h a n   20 %  by  w e i g h t   to   w a t e r   in  t he   a q u e o u s  

s u s p e n s i o n ,   and  in  t he   c a s e   of  o v e r   20  %  by  w e i g h t ,   t he   v i s c o s i t y  

of  t h e   a q u e o u s   s u s p e n s i o n   i s   too   l a r g e   to  a l l o w   t h e   s u f f i c i e n t  

a c t i o n   of  t h e   t h u s   added   s a l t   of  p h o s p h o r i c   a c i d .  

The  t h u s   a d d e d   s a l t   of  p h o s p h o r i c   a c i d   i s   a d s o r b e d   o n t c  

t h e   s u r f a c e   of  t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H ,   and  as  w i l l  

be  s e e n   in  T a b l e s   3  and  9,  t he   t h u s   c o a t e d   p a r t i c l e s   c o n t a i n s  

0 . 1 5 7   to  1 . 8 0   a t o m i c   %  c a l c u l a t e d   as  P  to  Fe  of  t he   p a r t i c l e .  

In  t h e   c a s e   whe re   t he   amount   of  a d d i t i o n   of  the   s a l t   o f  

p h o s p h o r i c   a c i d   is   be low  0 .1  %  by  w e i g h t ,   t he   e f f e c t   of  a d d i t i o n  

i s   i n s u f f i c i e n t ,   and  on  t h e   o t h e r   h a n d ,   in  t h e   c a s e   of  ove r   2 % 

by  w e i g h t ,   i t   becomes   d i f f i c u l t   to  s e p a r a t e   t h e   c o a t e d   p a r t i c l e s  

f rom  t h e   a q u e o u s   s u s p e n s i o n   b e c a u s e   of  t h e   s t r o n g   and  u n i f o r m  

d i s p e r s i o n   of  t he   p a r t i c l e s   a l t h o u g h   i t   i s   p o s s i b l e   to  u n w i n d  

t h e r e o f .  

As  t h e   s a l t   of  p h o s p h o r i c   a c i d   f o r   t h a t   p u r p o s e ,   f o r  

i n s t a n c e ,   sod ium  m e t a p h o s p h a t e   and  s o d i u m   p y r o p h o s p h a t e   may  b e  

m e n t i o n e d .   The  pH  of  t h e   a q u e o u s   s u s p e n s i o n   to  wh ich   the   s a l t   o j  

p h o s p h o r i c   a c i d   i s   added   s h o u l d   be  h i g h e r   t h a n   8,  and  in  the   c a s e  

of  b e l o w   8,  t h e   n e c e s s a r y   amount   of  t he   s a l t   of  p h o s p h o r i c   a c i d  

f o r   u n w i n d i n g   t h e   p a r t i c l e s   becomes   more  t h a n   2  %  by  w e i g h t ,   a n d  

in  s u c h   a  c a s e ,   as  has   b e e n  d e s c r i b e d ,   i t   b e c o m e s   d i f f i c u l t   t o  

s e p a r a t e   t he   p a r t i c l e s   f rom  the   a q u e o u s   s u s p e n s i o n .  

C o n c e r n i n g   t he   a d d i t i o n   of  t he   w a t e r - s o l u b l e   s i l i c a t e  



f o r   f o r m i n g   a  membrane   of  a  s i l i c o n   compound  on  the   s u r f a c e   o f  

the   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and  Ni  a n d  

o p t i o n a l l y   c o n t a i n i n g   Mg  f o r   the   p r e v e n t i o n   of  the   d e f o r m a t i o n   a n d  

the   s i n t e r i n g ,   t he   a d d i t i o n   s h o u l d   be  c a r r i e d   ou t   a f t e r   h a v i n g  

unwound  and  u n a g g r e g a t e d   the   i n t e r w i n d i n g   and  a g g r e g a t i n g   o f  

the   p a r t i c l e s   by  t he   a d d i t i o n   of  the   s a l t   of  p h o s p h o r i c   a c i d ,  

and  the   pH  of  t he   a q u e o u s   s u s p e n s i o n   i s   p r e f e r a b l y   o v e r   8  a t   t h e  

t ime   of  a d d i t i o n .   In  t he   c a s e   where   t he   a d d i t i o n   of  the   w a t e r -  

s o l u b l e   s i l i c a t e   i s   c a r r i e d   o u t   to  the   a q u e o u s   s u s p e n s i o n   of  pH 

o f   be low  8,  the   added   s a l t   c h a n g e s   i n t o   Si02  r a p i d l y   which   s i n g l y  

p r e c i p i t a t e s   a t   the   same  t ime   as  i t  i s   w i t h o u t   f o r m i n g   a n y  

membrane   on to   the   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H .  

The  t h u s   t r e a t e d   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n s   0.65  to  7 .91   a t o m i c  %   of  Si  in  t o t a l   i n c l u d i n g   Si  w h i c h  

has  been  i n t r o d u c e d   in  t he   r e a c t i o n   of  f o r m a t i o n   of  the   p a r t i c l e .  

The  amount   of  a d d i t i o n   of  the   w a t e r - s o l u b l e   s i l i c a t e  

is   0.1  to  7.0  %  by  w e i g h t   of  the   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n i n g   Si ,   Cr,  Ni  and  Mg,  c a l c u l a t e d   as  S i 0 2 .  

In  the   c a se   of  a d d i n g   the   w a t e r - s o l u b l e   s i l i c a t e   f o r  

t h a t   p u r p o s e ,   in  amount   of  be low  0.1  %  by  w e i g h t ,   t he   e f f e c t  

of  a d d i t i o n   is   no t   r e m a r k a b l y   e x h i b i t e d ,   and  on  the   o t h e r   h a n d ,  

in  the   case   of  o v e r   7 .0  %  by  w e i g h t ,   the   s a t u r a t i o n   m a g n e t i z a t i o n  

of  the   f i n a l   p r o d u c t   is   r e d u c e d   by  the   r e d u c t i o n   of  the   p u r i t y  

t h e r e o f   a l t h o u g h   the   a c i c u l a r   c r y s t a l l i n e   of  FeOOH  i t s e l f   i s  

e x c e l l e n t .  

As  the   w a t e r - s o l u b l e   s i l i c a t e   fo r   use  in  t he   p r e s e n t  

i n v e n t i o n ,   sodium  s i l i c a t e   and  p o t a s s i u m   s i l i c a t e   may  be  m e n t i o n e d .  

C o n c e r n i n g   the   c o n d i t i o n s   in  s e p a r a t i n g   and  c o l l e c t i n g  

the   t h u s   c o a t e d   a c i c u l a r   p a r t i c l e s   of  a lpha-FeOOH  c o n t a i n i n g  



Si ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  c o a t e d   w i t h   a  p h o s p h o r u s  

compound   and  a  s i l i c o n e   compound   f rom  the   a q u e o u s   s u s p e n s i o n ,   t h e  

s t a t e   of  d i s p e r s i o n   of  t h e   p a r t i c l e s   in  t he   a q u e o u s   s u s p e n s i o n  

i s   a  p r o b l e m .   I t   is   f a v o r a b l e   to   have   t he   p a r t i c l e s   s u i t a b l y  

c o a g u l a t e d   t o g e t h e r   f o r   f i l t e r i n g   t he   a q u e o u s   s u s p e n s i o n   t o  

c o l l e c t   t h e   p a r t i c l e s   e f f e c t i v e l y   w i t h o u t   any  l e a k a g e   of  t h e  

p a r t i c l e   t h r o u g h   t h e   f i l t e r   mesh  and  any  c l o g g i n g   of  t he   m e s h  

by  t h e   t o o - s t r o n g l y   a g g r e g a t e d   c l u m p s   of  t he   p a r t i c l e s .   For  t h a t  

p u r p o s e ,   t h e   pH  of  t h e   a q u e o u s   s u s p e n s i o n   i s   a d j u s t e d   to  3  to  7 

a f t e r   t h e   a d d i t i o n   of  t h e   w a t e r - s o l u b l e   s i l i c a t e   by  u s i n g   a c e t i c  

a c i d ,   s u l f u r i c   a c i d   or  p h o s p h o r i c   a c i d ,   and  t h e   t h u s   a d j u s t e d  

a q u e o u s   s o l u t i o n   i s   s u b j e c t e d   to  f i l t r a t i o n   by  an  o r d i n a r y   m e a n s  

to  o b t a i n   t h e   c o a t e d   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g  

S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   M g  c o a t e d   w i t h   a  p h o s p h o r u s  

compound   and  a  s i l i c o n   c o m p o u n d ,   wh ich   a re   t h e n   t h e r m a l l y   t r e a t e d  

in  a  n o n - r e d u c i n g   a t m o s p h e r e   a t   a  t e m p e r a t u r e   of  500  to  9 0 0 ° C ,  

t h e r e b y   d e h y d r a t e d   to  be  t he   i m p r e g n a t e d   a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e 2 0 3   c o n t a i n i n g   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg 

i m p r e g n a t e d   w i t h   a  p h o s p h o r u s   compound  and  a  s i l i c o n   c o m p o u n d ,  

wh ich   a r e   s u b s t a n t i a l l y   h i g h   in  d e n s i t y   and  h i g h   in  c r y s t a l l i n i t y  

and  s u c c e e d   and  r e t a i n   t he   e x c e l l e n t   a c i c u l a r   c r y s t a l l i n e   in  s h a p e  

w i t h o u t   any  i n t e r w i n d i n g   and  b o n d i n g   to  each   o t h e r .  

In  t he   c a s e   where   t h e   t e m p e r a t u r e   of  t he   t h e r m a l   t r e a t -  

ment   in  t h e   n o n - r e d u c i n g   a t m o s p h e r e   i s   be low  500°C,   the   d e g r e e   o f  

c r y s t a l l i n i t y   and  t he   d e n s i t y   of  the   t h u s   o b t a i n e d   p a r t i c l e s   o f  

a l p h a - F e 2 0 3   which   c o n t a i n   S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g  



Mg  and  are   i m p r e g n a t e d   w i t h   a  p h o s p h o r u s   compound  and  a  s i l i c o n  

compound  a re   no t   s u f f i c i e n t ,   and  on  the   o t h e r   hand ,   in  the  case   o f  

o v e r   900°C,  the   d e f o r m a t i o n   of  t he   p a r t i c l e s   and  the   s i n t e r i n g   o f  

s i n g l e   p a r t i c l e   and  of  b e t w e e n   the   p a r t i c l e s   a re   r e s u l t e d ,   a n d  

f o r   o p e r a t i o n   at   such  a  h i g h   t e m p e r a t u r e ,   i t   n e e d s   i n d u s t r i a l l y  

u n e c o n o m i c a l   e q u i p m e n t   of  h i g h   a c c u r a c y   and  t e c h n i q u e s .  

The  f i n a l   p r o d u c t   of  t he   p r e s e n t   i n v e n t i o n ,   t h a t   i s ,  

t he   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   P,  S i ,   C r  

and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  i m p r e g n a t e d   w i t h   p h o s p h o r u s  

compound  and  s i l i c o n   compound  o b t a i n e d   by  the   t h e r m a l   r e d u c t i o n   i n  

a  r e d u c i n g   gas  of  the   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3   c o n t a i n i n g  

Si ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  and  b e i n g   i m p r e g n a t e d  

w i t h   a  p h o s p h o r u s   compound  and  a  s i l i c o n   compound,   w h i c h  

a re   h i g h   in  c r y s t a l l i n i t y ,   s u b s t a n t i a l l y   l a r g e   in   d e n s i t y   w i t h o u t  

i n t e r w i n d i n g   and  s i n t e r i n g   a re   a l s o   s u b s t a n t i a l l y   l a r g e   in  d e n s i t y  

as  a  r e s u l t   of  t h e i r   r a i s e d   c r y s t a l l i n i t y   in  the   s u r f a c e   a n d  

i n t e r i o r   p a r t   of  t he   p a r t i c l e   and  have  s u c c e e d e d   and  r e t a i n e d   t h e  

e x c e l l e n t   a c i c u l a r   c r y s t a l   w i t h o u t   i n t e r w i n d i n g   and  s i n t e r i n g   t o  

each   o t h e r .  

The  f i n a l   p r o d u c t   of  the   p r e s e n t   i n v e n t i o n ,   t h a t   i s ,   t h e  

a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   P,  S i ,   Cr  and  N i  

and  o p t i o n a l l y   c o n t a i n i n g   Mg  i m p r e g n a t e d   w i t h   p h o s p h o r u s   c o m p o u n d  

and  s i l i c o n   compound  t h u s   o b t a i n e d   c o n t a i n ,   as  w i l l   be  seen  i n  

T a b l e s   5  and  11,  0.64  to  7 .91   a t o m i c   % of  Si ;   0 .294   to  2 .99   a t o m i c  

%  of  Cr;  1 .98   to  7 .00  a t o m i c  %   of  Ni;  0 .125   to  1 .55   a t o m i c   %  o f  

P  and  o p t i o n a l l y   c o n t a i n   1 .01   to  14 .95   a t o m i c  %   of  Mg  to  Fe  o f  



t h e   p a r t i c l e ,   n a m e l y   t h e   f i n a l   p r o d u c t   c o n t a i n s   a l m o s t   a l l   o f  

t h e   a m o u n t s   added   t h e r e t o .  

The  t e m p e r a t u r e   of  t h e   t h e r m a l   r e d u c t i o n   in  a  r e d u c i n g  

gas   i s   p r e f e r a b l y   in  t h e   r a n g e   of  350  to  600°C.   At  the   t e m p e r a -  

t u r e   b e l o w   350°C,   t h e   p r o c e e d i n g   of  r e d u c t i o n   i s   ve ry   s l ow,   a n d  

i t   t a k e s   a  l ong   t i m e   p e r i o d   f o r   c o m p l e t i n g   t h e   r e a c t i o n ,   and  o n  

t h e   o t h e r   h a n d ,   a t   a  t e m p e r a t u r e   o v e r   600°C,   t he   r e d u c t i o n   p r o -  

c e e d s   r a p i d l y   r e s u l t i n g   in  t he   d e f o r m a t i o n   of  t he   a c i c u l a r  

c r y s t a l l i n e   p a r t i c l e s   and  t h e   s i n t e r i n g   of  t h e   p a r t i c l e   i t s e l f  

and  b e t w e e n   t h e   p a r t i c l e s .  

In  t h e   c a s e   where   t h e   s t e p s   of  t h e   p r o c e s s   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   a r e   c a r r i e d   ou t   as  in  t he   mode  i n d i c a t e d  

b e f o r e ,   t h e   p r e s e n t   i n v e n t i o n   e x h i b i t s   t h e   f o l l o w i n g   e f f e c t s :  

Namely ,   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   the   a c i c u l a r  

f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   P,  S i ,   Cr  and  Ni  and  o p -  

t i o n a l l y   c o n t a i n i n g   Mg  i m p r e g n a t e d   w i t h   p h o s p h o r u s   compound  a n d  

s i l i c o n   compound  p r o v i d e d   w i t h   t he   f o l l o w i n g   c h a r a c t e r i s t i c s   a r e  

o b t a i n e d .   The  a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g  

P,  S i ,   Cr  and  Ni  and  o p t i o n a l l y   c o n t a i n i n g   Mg  i m p r e g n a t e d   w i t h  

p h o s p h o r u s   compound  and  s i l i c o n   compound  a r e   s u b s t a n t i a l l y  

a c i c u l a r l y   c r y s t a l l i n e ,   u n i f o r m   in  p a r t i c l e   s i z e ,   no t   c o n t a m i n a t e d  

by  d e n d r i t e s ,   no t   i n t e r w o u n d   and  s i n t e r e d   t o g e t h e r  

and  as  t h e   r e s u l t s ,   a r e   h i g h   in  a p p a r e n t   d e n s i t y   and  in  a d d i t i o n ,  

a r e   s u b s t a n t i a l l y   h i g h   in  d e n s i t y   as  a  r e s u l t   of  t h e i r   r a i s e d  

s p e c i f i c   s u r f a c e   a r e a   and  t h e i r   r a i s e d   c r y s t a l l i n i t y   in  t h e  

s u r f a c e   and  i n t e r i o r   p a r t s   t h e r e o f ,   and  f u r t h e r m o r e ,   show  a  h i g h  



c o e r c i v e   f o r c e   and  a  l a r g e   s a t u r a t i o n   m a g n e t i z a t i o n .   A c c o r d i n g l y ,  

the   m a g n e t i c   p a r t i c l e s   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   can  b e  

u s e d   as  the   m a g n e t i c   m a t e r i a l   f o r   use  in  m a g n e t i c   r e c o r d i n g   o f  

h i g h   q u a l i t y   of  p i c t u r e ,   h i g h   o u t p u t ,   h i g h   s e n s i t i v i t y   and  h i g h  

r e c o r d i n g   d e n s i t y ,   which   is   now  demanded   most   e a g e r l y .   I n  

a d d i t i o n ,   in  the   c a s e   where   t he   m a g n e t i c   p a r t i c l e s   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   i s   u s e d   f o r   p r e p a r i n g   a  m a g n e t i c   p a i n t ,  

a  m a g n e t i c   r e c o r d i n g   m e d i a ,   wh ich   is   low  in  n o i s e   l e v e l ,  

e x c e l l e n t   in  d i s p e r s i b i l i t y   in  t he   b e h i c l e ,   a l s o   e x c e l l e n t   i n  

o r i e n t a t i o n   and  p a c k i n g   in  the   c o a t e d   medium  a n d  

a c c o r d i n g l y ,   is   ve ry   f a v o r a b l e ,   can  be  o b t a i n e d .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  more  p r e c i s e l y   e x p l a i n e d  

w h i l e   r e f e r r i n g   to  E x a m p l e s   as  f o l l o w s .  

However ,   the   p r e s e n t   i n v e n t i o n   i s   no t   r e s t r i c t e d   t o  

E x a m p l e s   u n d e r   m e n t i o n e d .   From  the   f o r e g o i n g   d e s c r i p t i o n ,   o n e  

s k i l l e d   in  the   a r t   can  e a s i l y   a s c e r t a i n   t he   e s s e n t i a l   c h a r a c t e r -  

i s t i c s   of  t h i s   i n v e n t i o n ,   and  w i t h o u t   d e p a r t i n g   from  t he   s p i r i t  

and  scope   t h e r e o f ,   can  make  v a r i o u s   c h a n g e s   and  m o d i f i c a t i o n s  

of  t he   i n v e n t i o n   to  a d a p t  i t   to  v a r i o u s   u s a g e s   and  c o n d i t i o n s .  

In  t h e   d e s c r i p t i o n   of  the   s p e c i f i c a t i o n ,   Example s   a n d  

C o m p a r a t i v e   E x a m p l e s ,   S p e c i f i c   s u r f a c e   a r e a   of  t he   p a r t i c l e s   was  

m e a s u r e d   by  BET  me thod ;   A x i a l   r a t i o ( m a j o r : m i n o r )   and  L e n g t h   o f  

m a j o r   a x i s   of  the   p a r t i c l e s   were  t he   a v e r a g e   v a l u e s   m e a s u r e d   o n  

m i c r o g r a p h   of  the   p a r t i c l e s ;   A p p a r e n t   d e n s i t y   of  the   p a r -  

t i c l e s   was  m e a s u r e d   a c c o r d i n g   to  " T e s t   Me thods   of  P i g m e n t s "   o f  

J a p a n e s e   I n d u s t r i a l   S t a n d a r d s ( J I S )   K  5 1 0 1 / 1 9 7 8 ;   Amounts   o f  



S i ,   Cr,  Ni ,   Mg  and  P  in  t h e   p a r t i c l e s   were   m e a s u r e d   a c c o r d i n g   t o  

J IS   K  0 1 1 9 / 1 9 7 9   ( G e n e r a l   R u l e s   f o r   f l u o r e s c e n t   X- ray   A n a l y s e s )  

w h i l e   u s i n g   " F l u o r e s c e n t   X - r a y   a n a l y z e r   Model  3063M"  made  b y  

RIGAKU-DENKI  KOGYO  Co.  and  t h e   v a r i o u s   c h a r a c t e r i s t i c s   of  t h e  

m a g n e t i c   t a p e   were   t h e   r e s u l t s   m e a s u r e d   u n d e r   t he   m a g n e t i c   f i e l d  

of  10  KOe.  

Of  t h e   f o l l o w i n g   E x a m p l e s ,   E x a m p l e s   1  to  14  a re   t h e  

p r e p a r a t i o n   of  t h e   a c i c u l a r   p a r t i c l e s   of  a lpha -FeOOH  c o n t a i n i n g  

S i ,   Cr  and  Ni;   E x a m p l e s   15  to  28  a re   t h e   p r e p a r a t i o n   of  t h e  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and  Ni  c o a t e d  

w i t h   p h o s p h o r u s   compound   and  s i l i c o n   compound ;   E x a m p l e s   29  to  42 

a r e   t h e   p r e p a r a t i o n   of  t he   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3  

c o n t a i n i n g   S i ,   Cr  and  Ni ,   i m p r e g n a t e d   w i t h   p h o s p h o r u s   compound  a n d  

s i l i c o n   compound ;   E x a m p l e s   43  to  56  a r e   t he   p r e p a r a t i o n   of  t h e  

a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   Si ,   Cr,  Ni  a n d  

P  i m p r e g n a t e d   w i t h   p h o s p h o r u s   compound  and  s i l i c o n   compound  a n d  

E x a m p l e s   57  to  70  a r e   t he   p r o d u c t i o n   of  m a g n e t i c   t a p e s   w h i l e   u s i n g  

the   p r o d u c t   of  E x a m p l e s   43  to  5 6 .  

On  t h e   o t h e r   h a n d ,   C o m p a r a t i v e   E x a m p l e s   1  to  5  a re   a  

p r o c e s s   f o r   p r o d u c t i o n   of  m a g n e t i c   t a p e   w h i l e   u s i n g   t h e   a c i c u l e r  

f e r r o m a g n e t i c   p a r t i c l e s   p r e p a r e d   in  C o m p a r a t i v e   Example   4 .  

Of  t h e   f o l l o w i n g   e x a m p l e s   and  c o m p a r a t i v e   e x a m p l e s ,  

E x a m p l e s   71  to  85  a r e   t he   p r e p a r a t i o n   of  t he   a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr,  Ni  and  Mg;  E x a m p l e s   86  to  100  a r e  

t h e   p r e p a r a t i o n   of  t h e   a c i c u l a r   p a r t i c l e s   of  a lpha-FeOOH  c o n t a i n -  

ing  S i ,   Cr,  Ni  and  Mg  c o a t e d   w i t h   p h o s p h o r u s   compound  and  s i l i c o n  



compound;   E x a m p l e s   101  to  115  a re   the   p r e p a r a t i o n   of  t h e  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3   c o n t a i n i n g   S i ,   Cr,   Ni  and  Mg 

i m p r e g n a t e d   w i t h   p h o s p h o r u s   compound  and  s i l i c o n   c o m p o u n d ;  

Examples   l16  to  130  a re   the  p r e p a r a t i o n   of  the   a c i c u l a r  

f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   Cr,  Ni,  Mg  and  P 

i m p r e g n a t e d   w i t h   p h o s p h o r u s   compound  and  s i l i c o n   compound  a n d  

Examples   131  to  145  a re   the   p r e p a r a t i o n   of  m a g n e t i c   t a p e s   b y  

u s i n g   each  of   t h e   p r o d u c t s   r e s p e c t i v e l y   p r e p a r e d   in  E x a m p l e s  

116  to  130.   C o m p a r a t i v e   Example s   6  to  10  c o r r e s p o n d   r e s p e c t i v e l y  

to  each  of  t h e   f i v e   s t e p s   of  the   p r o c e s s   f o r   p r o d u c i n g   t h e  

m a g n e t i c   t a p e   w i t h o u t   c o n t a i n i n g   S i ,   Cr,  Ni  and  Mg. 



EXAMPLE  1 :  

I n t o   400  l i t r e s   of  a q u e o u s   5 .45N  s o l u t i o n   of  s o d i u m  

h y d r o x i d e   i n t o   w h i c h   p r e l i m i n a r i l y   152  g  of  sod ium  s i l i c a t e  

( c o n t e n t   of  S i 0 2  b e i n g   2 8 . 5 5   %  by  w e i g h t ) ,   644  g  of  c h r o m i u m  

s u l f a t e ,   and  2884  g  of  n i c k e l   s u l f a t e   had  been   added  so  t h a t  

t h e   a q u e o u s   s o l u t i o n   c o n t a i n s   0 .20   a t o m i c  %   of  S i ,   0 .50  a t o m i c  

% of  Cr  and  3 .0  a t o m i c   %  of  Ni  to   Fe,   300  l i t r e s   of  a q u e o u s  

s o l u t i o n   of  f e r r o u s   s u l f a t e   c o n t a i n i n g   1 .2  mol  of  F e 2 + / l   w e r e  

a d d e d ,   and  t h e   m i x t u r e   was  b r o u g h t   i n t o   r e a c t i o n   at  pH  of  1 4 . 0  

and  a  t e m p e r a t u r e   of  45°C  to  form  an  a q u e o u s   s u s p e n s i o n   o f  

Fe(OH)2  c o n t a i n i n g   S i ;   Cr  and  Ni.  T h e n ,   a i r   was  blown  i n t o  

t h e   t h u s   p r e p a r e d   a q u e o u s   s u s p e n s i o n   a t   a  r a t e   of  1000  l i t r e s  

pe r   m i n u t e   a t   a  t e m p e r a t u r e   of  50°C  f o r   6 .3  h o u r s   to  o b t a i n   t h e  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and  N i .  

The  end  p o i n t   of  t h e   a b o v e - m e n t i o n e d   r e a c t i o n   was  j u d g e d   b y  

the   d i a p p e a r a n c e   of  b l u e   c o l o r   f o r m a t i o n   in   a  p o r t i o n   of  t h e  

t h u s   t r e a t e d   a q u e o u s   s u s p e n s i o n   when  a q u e o u s   p o t a s s i u m   f e r r i -  

c y a n i d e   was  added   to  t he   p o r t i o n   a f t e r   a c i d i f y i n g   t h e r e o f   w i t h  

h y d r o c h l o r i c   a c i d .  

The  t h u s   fo rmed   p a r t i c l e s   were   c o l l e c t e d   by  f i l t r a t i o n  

and  w a s h e d   w i t h   w a t e r ,   a  p o r t i o n   t h e r e o f   b e i n g   d r i e d   a n d  

p u l v e r i z e d   to  be  u sed   f o r   e v a l u a t i n g   t h e   s p e c i f i e d   p r o p e r t i e s  

of  t he   p r o d u c t .  

As  a  r e s u l t   of  X - r a y   d i f f r a c t i o n   a n a l y s i s   on  the   d r i e d  

and  p u l v e r i z e d   s p e c i m e n   of  t he   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H  

c o n t a i n i n g   S i ,   Cr  and  Ni,  t he   a c i c u l a r   p a r t i c l e   gave  t he   X - r a y  

d i f f r a c t i o n   p a t t e r n   c o n f i r m i n g   t he   same  c r y s t a l   s t r u c t u r e  



as  t h a t   of  t he   p a r t i c l e   of  a l p h a - F e O O H .  

In  a d d i t i o n ,   as  a  r e s u l t   of  X - r a y   f l u o r e s c e n c e   a n a l y s i s ,  

t he   t h u s   o b t a i n e d   p a r t i c l e s   c o n t a i n e d   0 .204   a t o m i c   % of  S i ,  

0 . 496   a t o m i c   % of  Cr  and  3 .02  a t o m i c   % of  Ni  to  Fe,   and  a c c o r d -  

i n g l y ,   i t   is   c o n s i d e r e d   t h a t   S i ,   Cr,  Ni  and  a c i c u l a r   c r y s t a l s  

a lpha -FeOOH  formed  a  s o l i d   s o l u t i o n .  

As  a re   s e e n   in   t h e   e l e c t r o n m i c r o p h o t o g r a p h   shown  i n  

F i g .   5 ( 2 0 , 0 0 0   t i m e s   in   m a g n i f i c a t i o n ) ,   t he   p a r t i c l e   of  t h e  

p r o d u c t   showed  an  a v e r a g e   l e n g t h   of  m a j o r   a x i s   of  0.50  m i c r o -  

m e t e r   and  t he   a x i a l   r a t i o ( m a j o r : m i n o r )   of  2 8 : 1 .  

EXAMPLES  2  to  1 4 :  

By  the   same  p r o c e d u r e s   as  in  Example   1  e x c e p t   f o r  

c h a n g i n g   the   k i n d s   and  c o n c e n t r a t i o n   of  t h e   a q u e o u s   s o l u t i o n  

of  f e r r o u s   s a l t ,   t he   c o n c e n t r a t i o n   of  a q u e o u s   s o l u t i o n   of  s o d i u m  

h y d r o x i d e ,   t he   k i n d s ,   t h e   amount   of  a d d i t i o n   and  t h e   t ime   o f  

a d d i t i o n   of  w a t e r - s o l u b l e   s i l i c a t e ,   w a t e r - s o l u b l e   chromium  s a l t  

and  w a t e r - s o l u b l e   n i c k e l   s a l t   v a r i o u s l y   as  shown  in  T a b l e   1 ,  

t h e   a c i c u l a r   p a r t i c l e s   of  a lpha -FeOOH  c o n t a i n i n g   S i ,   Cr  and  Ni  

were   p r e p a r e d .   The  c o n d i t i o n s   in   p r e p a r i n g   the   p r o d u c t s ,   a n d  

t h e   s p e c i f i c   p r o p e r t i e s   of  t he   p r o d u c t s   a re   shown  in  T a b l e   1 .  

P a r t i c u l a r l y ,   t h e   r e a c t i o n   of  a q u e o u s   s u s p e n s i o n   o f  

Fe(OH)2  in  Example   5  was  c a r r i e d   ou t   at  40°C  and  t h e   r e a c t i o n  

of  f o r m a t i o n   o f  a c i c u l a r   c r y s t a l l i n e   a l p h a - F e O O H   was  c a r r i e d   o u t  

at  4 5 ° C .  



COMPARATIVE  EXAMPLE  1 :  

By  t he   same  p r o c e d u r e s   and  u n d e r   t he   same  c o n d i t i o n s  

as  in   E x a m p l e   1,  h o w e v e r ,   w i t h o u t   a d d i n g   sod ium  s i l i c a t e ,  

c h r o m i u m   s u l f a t e   and  n i c k e l   s u l f a t e ,   the   a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e O O H   were   p r e p a r e d .   The  main   c o n d i t i o n s   of  t h e   p r e p a r a -  

t i o n   a r e   shown  in  T a b l e   1  and  t h e   s p e c i f i c   p r o p e r t i e s   of  t h e  

p r o d u c t s   a r e   shown  in  T a b l e   2 .  

As  s e e n   in   t he   e l e c t r o n m i c r o p h o t o g r a p h   shown  in  F i g .   6 

( 2 0 , 0 0 0   t i m e s   in  m a g n i f i c a t i o n ) ,   t h e   a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e O O H   showed  t h e   a v e r a g e   l e n g t h   of  m a j o r   a x i s   of  0 . 4 5  

m i c r o m e t e r ,   and  t h e  a x i a l   r a t i o   ( m a j o r : m i n o r )   of  9 : 1 .   T h e  

p r o d u c t   was  no t   u n i f o r m   in   s i z e   and  c o n t a m i n a t e d   by  d e n d r i t e s .  

EXAMPLE  1 5 :  

In  60  l i t r e s   of  w a t e r ,   3000  g  of  a  p a s t e   of  t h e  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and  N i  

( c o r r e s p o n d i n g   to  a b o u t   1000  g  of  the   a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e O O H   t h e m s e l v e s   c o n t a i n i n g   S i ,   Cr  and  Ni)  were   s u s p e n d e d ,  

t h e   pH  of  t he   a q u e o u s   s u s p e n s i o n   b e i n g   9 . 7 .  

I n t o   t he   t h u s   p r e p a r e d   a q u e o u s   s u s p e n s i o n ,   300  ml  o f  

an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   8  g  of  sod ium  h e x a m e t a p h o s p h a t e  

( c o r r e s p o n d i n g   to  0 .56  %  by  w e i g h t   of  P03  to  t he   p a r t i c l e s   o f  

a c i c u l a r   c r y s t a l l i n e   a l p h a - F e O O H )   were  a d d e d ,   and  t he   m i x t u r e  

was  s t i r r e d   f o r   30  m i n .  

Then ,   148  g  of  s o d i u m   s i l i c a t e   (Water   g l a s s   N o .  3 )  

( c o r r e s p o n d i n g   to  4 .2  %  by  w e i g h t   of  SiO2  to  t he   a c i c u l a r  

p a r t i c l e s   of  a l pha -FeOOH  c o n t a i n i n g   S i ,   Cr  and  Ni)  were   a d d e d  



to  t he   a q u e o u s   s u s p e n s i o n ,   and  a f t e r   s t i r r i n g   the   a q u e o u s  

s u s p e n s i o n   f o r   60  min,   a q u e o u s   10  %  s o l u t i o n   of  a c e t i c   ac id   w a s  

added   to   t h e   a q u e o u s   s u s p e n s i o n   to  a d j u s t   t he   pH  t h e r e o f   to  5 . 8 .  

The  t h u s   t r e a t e d   a q u e o u s   s u s p e n s i o n   was  f i l t e r e d   t o  

c o l l e c t   t h e   a c i c u l a r   p a r t i c l e s   of  a l pha -FeOOH  c o n t a i n i n g   Si ,   Cr  

and  Ni  and  by  d r y i n g   the   p a r t i c l e s ,   the   a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and  Ni  which   were   c o a t e d   w i t h  

p h o s p h o r u s   compound  and  s i l i c o n   compound ,   the   s p e c i f i c  

p r o p e r t i e s   t h e r e o f   b e i n g   shown  in  T a b l e   3.  

EXAMPLES  16  to  2 8 :  

By  the   same  p r o c e d u r e s   as  in  Example   15  e x c e p t   f o r  

c h a n g i n g   t h e   k i n d s   of  t he   p a r t i c l e s   to  be  t r e a t e d ,   t h e   pH  o f  

t h e   a q u e o u s   s u s p e n s i o n   when  t he   p h o s p h a t e   is   a d d e d ,   t he   a m o u n t  

of  t he   p h o s p h a t e   a d d e d ,   t h e   amount   of  w a t e r - s o l u b l e  s i l i c a t e   a n d  

t he   pH  of  t he   aqueous   s u s p e n s i o n   at  t he   t i m e   of  pH  a d j u s t i n g  

v a r i o u s l y ,   v a r i o u s   k i n d s   of  t he   a c i c u l a r   p a r t i c l e s   of  a l p h a -  

FeOOH  c o n t a i n i n g   Si ,   C r  a n d   Ni  w h i c h   were  c o a t e d   w i t h   p h o s p h o r u s  

compound  and  s i l i c o n   compound,   were   o b t a i n e d .   The  c o n d i t i o n s  

f o r   p r e p a r i n g   t h e s e   a c i c u l a r   p a r t i c l e s   and  t he   s p e c i f i c   p r o -  

p e r t i e s   t h e r e o f   are  shown  in  T a b l e   3 .  

COMPARATIVE  EXAMPLE  2 :  

By  t he   same  p r o c e d u r e s   as  in  Example   15  e x c e p t   f o r  

u s i n g   the   p o w d e r y   p a r t i c l e s   o b t a i n e d   in  C o m p a r a t i v e   Example   1 

i n s t e a d   of  t h o s e   o b t a i n e d   in  Example   1  in  Example   15,  t h e  



a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o a t e d   w i t h   p h o s p h o r u s  

compound  and  s i l i c o n   compound  were  o b t a i n e d .   The  c o n d i t i o n s  

f o r   p r e p a r i n g   t he   a c i c u l a r   p a r t i c l e s   and  t h e   s p e c i f i c   p r o p e r t i e s  

t h e r e o f   a r e   a l s o   shown  in   T a b l e   3 .  

EXAMPLE  2 9 :  

By  t he   t h e r m a l   t r e a t m e n t   of  1000  g  of  t h e   a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and  Ni  c o a t e d   w i t h  

p h o s p h o r u s   compound  and  s i l i c o n   compound ,   w h i c h   were   o b t a i n e d  

in   E x a m p l e   15  in   a i r   a t   750°C ,   t he   a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e 2 0 3   c o n t a i n i n g   S i ,   Cr  and  Ni  i m p r e g n a t e d   w i t h   p h o s p h o r u s  

compound   and  s i l i c o n   compound  were  o b t a i n e d .   The  t h u s   o b t a i n e d  

p a r t i c l e s ,   as  a  r e s u l t   of  o b s e r v a t i o n   u n d e r   e l e c t r o n m i c r o s c o p e ,  

showed   t h e   a v e r a g e   l e n g t h   of  m a j o r   a x i s   of  0 . 4 8   m i c r o m e t e r   a n d  

t h e   a x i a l   r a t i o   ( m a j o r : m i n o r )   of  2 6 : 1 ,   and  a c c o r d i n g l y ,   w e r e  

e x c e l l e n t   in  a c i c u l a r   c r y s t a l l i n i t y .  

EXAMPLES  30  to  4 2 :  

By  t he   same  t h e r m a l   t r e a t m e n t   as  in   Example   29  e x c e p t  

f o r   u s i n g   each  of  t he   a c i c u l a r   p a r t i c l e s   p r e p a r e d   in  Examples   16 

to   28  i n s t e a d   of  t h o s e   p r e p a r e d   in  Example   15  u n d e r   d i f f e r e n t  

t e m p e r a t u r e s   and  in  v a r i o u s   n o n - r e d u c i n g   a t m o s p h e r e   d i f f e r e n t  

f rom  t h o s e   of  Example   29,   v a r i o u s   p r o d u c t s   of  t h e   a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e 2 0 3   c o n t a i n i n g   S i ,   Cr  and  Ni  i m p r e g n a t e d   w i t h  

p h o s p h o r u s   compound  and  s i l i c o n   compound  were   o b t a i n e d .   T h e  

c o n d i t i o n s   of  t he   t h e r m a l   t r e a t m e n t   and  t h e   s p e c i f i c   p r o p e r t i e s  



of  t he   p r o d u c t s   are   shown  in  T a b l e   4 .  

COMPARATIVE  EXAMPLE  3 :  

By  t he   same  t h e r m a l   t r e a t m e n t   as  in  Example   29 

e x c e p t   for   u s i n g   t h e   a c i c u l a r   p a r t i c l e s   of  a l pha -FeOOH  c o a t e d  

w i t h   p h o s p h o r u s   compound  and  s i l i c o n   compound  o b t a i n e d   i n  

C o m p a r a t i v e   Example   2  i n s t e a d   of  t h o s e   p r e p a r e d   in  Example   15 

in   Example   29,  t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3   i m p r e g n a t e d  

w i t h   p h o s p h o r u s   compound  and  s i l i c o n   compound  were  o b t a i n e d .  

The  p r o d u c t   showed  t h e   a v e r a g e   l e n g t h   of  m a j o r   a x i s   of  0 . 4 4  

m i c r o m e t e r   and  an  a x i a l   r a t i o   ( m a j o r : m i n o r )   of  9 : 1 .  

EXAMPLE  4 3 :  

I n t o   a  r o t a r y   t ype   r e d u c i n g   v e s s e l   of  c a p a c i t y   of  3 

l i t r e s ,   120  g  of  t he   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3   c o n t a i n i n g  

S i ,   Cr  and  Ni,   i m p r e g n a t e d   w i t h   p h o s p h o r u s   compound  and  s i l i c o n   c o m -  

pound  p r e p a r e d   in  Example   29  were  i n t r o d u c e d   and  s u b j e c t e d  

to  r e d u c t i o n   by  g a s e o u s   h y d r o g e n   s u p p l i e d   i n t o   t he   v e s s e l   a t  

40  l i t r e s / m i n   at  a  r e d u c i n g   t e m p e r a t u r e   of  440°C  w h i l e   r o t a t i n g  

the   v e s s e l .   The  t h u s   o b t a i n e d   a c i c u l a r   f e r r o m a g n e t i c   a l l o y  

p a r t i c l e s   c o n t a i n i n g   S i ,   Cr  and  Ni  i m p r e g n a t e d   w i t h   p h o s p h o r u s   com-  

pound  and  s i l i c o n   compound  were  once  i m m e r s e d   i n t o   t o l u e n e ,   and  b y  

e v a p o r a t i n g   t h e r e o f ,   a  s t a b l e   o x i d e   membrane  was  g i v e n   on to   t h e  

s u r f a c e   of  t he   p a r t i c l e s   fo r   p r e v e n t i n g   the   v i g o r o u s   o x i d a t i o n  

when  t h e y   are   d rawn  out   to  a t m o s p h e r i c   a i r .  

The  t h u s   o b t a i n e d   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s  



c o n t a i n i n g   S i ,   Cr,   Ni  and  P  i m p r e g n a t e d   w i t h   p h o s p h o r u s   c o m p o u n d  

and  s i l i c o n   c o m p o u n d ,   as  a  r e s u l t   of  X - r a y   d i f f r a c t i o n   a n a l y s i s ,  

gave   t he   same  d i f f r a c t i o n   p a t t e r n   as  t h a t   of  i r o n   s h o w i n g   a  

s i n g l e   p h a s e   of  b o d y - c e n t e r e d   c u b i c   s t r u c t u r e .   In  a d d i t i o n ,   t h e  

p a r t i c l e s   c o n t a i n e d ,   as  a  r e s u l t   of  X - r a y   f l u o r e s c e n c e   a n a l y s i s ,  

4 .70  a t o m i c   %  of  S i ,   0 .495   a t o m i c   %  of  Cr,   3 .01   a t o m i c  %   of  N i  

and  0 . 6 3 1   a t o m i c  %   of  P,  r e s p e c t i v e l y   t o   Fe.  Namely ,   i t   i s  

c o n s i d e r e d   t h a t   i r o n ,   S i ,   Cr,  Ni  and  P  form  a  s o l i d   s o l u t i o n  

in   t he   t h u s   p r e p a r e d   a c i c u l a r   p a r t i c l e s .  

The  t h u s   p r e p a r e d   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e  

showed  t h e   a v e r a g e   l e n g t h   of  m a j o r   a x i s   t h e r e o f   of  0 .30  m i c r o -  

m e t e r ,   t h e   a x i a l   r a t i o   ( m a j o r : m i n o r )   of  1 2 : 1 ,   t he   s p e c i f i c  

s u r f a c e   a r e a   of  4 7 . 1   m2Jg ,   t he   a p p a r e n t   d e n s i t y   of  0.47  g / m l ,  

t h e   c o e r c i v e   f o r c e   of  1420  Oe  and  s a t u r a t i o n   m a g n e t i z a t i o n   o f  

1 6 5 . 2   e m u / g ,   and  as  a re   s een   in  t h e   e l e c t r o n m i c r o g r a p h   s h o w n  

in  F i g .   7  ( m a g n i f i c a t i o n   of  2 0 , 0 0 0 ) ,   a r e   u n i f o r m   in  p a r t i c l e   s i z e  

w i t h o u t   c o n t a m i n a t i o n   by  d e n d r i t e s .  

EXAMPLES  44  to  5 6 :  

By  t h e   same  p r o c e d u r e s   as  in   Example   43  e x c e p t   f o r  

u s i n g   e a c h   of  t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3   c o n t a i n i n g   S i ,  

Cr  and  Ni  i m p r e g n a t e d   w i t h   p h o s p h o r u s   compound  and  s i l i c o n   c o m -  

pound  p r e p a r e d   in  E x a m p l e s   30  to  42  i n s t e a d   of  t h o s e   p r e p a r e d   i n  

Example   29  and  u s i n g   each   of  t he   r e d u c i n g   t e m p e r a t u r e s   s h o w n  

in   T a b l e   5,  v a r i o u s   k i n d s   of  a c i c u l a r   f e r r o m a g n e t i c   a l l o y  

p a r t i c l e s   c o n t a i n i n g   S i ,   Cr,  Ni  and  P  i m p r e g n a t e d   w i t h   p h o s p h o r u s  



compound  and  s i l i c o n   compound ,   t he   s p e c i f i c   p r o p e r t i e s   t h e r e o f  

b e i n g   shown  in   T a b l e   5 .  

A c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   C r ,  

Ni  and  P  i m p r e g n a t e d   w i t h   p h o s p h o r u s   compound  and  s i l i c o n   compound  

o b t a i n e d   in  E x a m p l e s   44  to  56  a r e ,   as  a  r e s u l t   of  o b s e r v a t i o n  

unde r   an  e l e c t r o n m i c r o s c o p e ,   u n i f o r m   in  p a r t i c l e   s i z e   and  n o t  

c o n t a m i n a t e d   by  a r b o r e s c e n t   p a r t i c l e s .  

COMPARATIVE  EXAMPLE  4 :  

By  t h e   same  p r o c e d u r e s   as  in   Example   43  e x c e p t   f o r  

u s i n g   the  a c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3   i m p r e g n a t e d   w i t h  

p h o s p h o r u s   compound  and  s i l i c o n   compound ,   o b t a i n e d   in   C o m p a r a t i v e  

Example   3  i n s t e a d   of  t h o s e   p r e p a r e d   in  Example   29  in  Example   4 3 ,  

t h e   a c i c u l a r   f e r r o m a g n e t i c   p a r t i c l e s   were   o b t a i n e d .   T h e  

p r o d u c t   showed  t he   a v e r a g e   l e n g t h   of  m a j o r   a x i s   t h e r e o f   of  0 . 4  

m i c r o m e t e r ,   t he   a x i a l   r a t i o ( m a j o r : m i n o r )   of  5 : 1 ,   t he   s p e c i f i c  

s u r f a c e   a r e a   of  19 .3   m2/g ,   t he   a p p a r e n t   d e n s i t y   of  0 .19   g / m l ,  

t h e   c o e r c i v e   f o r c e   of  1013  Oe  and  s a t u r a t i o n   m a g n e t i z a t i o n   o f  

1 6 6 . 4   emu/g ,   and  as  a re   s een   in  an  e l e c t r o n m i c r o p h o t o g r a p h  

shown  in  F ig .   8,  a r e   non  u n i f o r m   in   p a r t i c l e   s i z e   and  n o t  

f a v o r a b l e   in   t he   a x i a l   r a t i o .  

EXAMPLE  5 7 :  

A  m a g n e t i c   p a i n t   was  p r e p a r e d   by  u s i n g  

t he   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g  

Si ,   Cr,  Ni  and  P  i m p r e g n a t e d   w i th   p h o s p h o r u s   c o m p o u n d  

and  s i l i c o n   compound  o b t a i n e d   in  Example   43,  c o m p o u n d i n g  



t h e r e o f   w i t h   a  s u i t a b l e   d i s p e r s i n g   a g e n t ,   a  

c o p o l y m e r   of  v i n y l   c h l o r i d e   and  v i n y l   a c e t a t e ,   a  t h e r m o p l a s t i c  

p o l y u r e t h a n e   r e s i n   and  a  m ixed   s o l v e n t   c o n s i s t i n g   of  t o l u e n e ,  

m e t h y l   e t h y l   k e t o n e   and  m e t h y l   i s o b u t y l   k e t o n e   in   a  p r e d e t e r m i n e d  

c o m p o s i t i o n   and  b l e n d i n g   t h e   compounded   c o m p o n e n t s   f o r   8  h o u r s  

i n   a  b a l l   m i l l .  

A f t e r   a d d i n g   t h e   a b o v e - m e n t i o n e d   m i x e d   s o l v e n t   to  t h e  

t h u s   p r e p a r e d   m a g n e t i c   p a i n t   to   a d j u s t   t h e   v i s c o s i t y   t h e r e o f  

to   a  s u i t a b l e   e x t e n t ,   t h e   t h u s   a d j u s t e d   m a g n e t i c   p a i n t   w a s  

c o a t e d   o n t o   a  p o l y e s t e r   f i l m ,   and  by  d r y i n g   t h e   c o a t e d  

f i l m   to  o b t a i n   a  m a g n e t i c   t a p e   s h o w i n g   t he   c o e r c i v e   f o r c e  

of  1345  Oe,  t h e   r e s i d u a l   d e n s i t y   of  m a g n e t i c   f l u x ( B r )   of  3910 

G a u s s ,   t h e   Br/Bm  of  0 . 7 9 0   and  t h e   d e g r e e   of  o r i e n t a t i o n   of  2 . 0 2 .  

EXAMPLES  58  to  7 0 :  

By  t h e   same  p r o c e d u r e s   as  in  Example   57  e x c e p t   f o r  

u s i n g   e a c h   of  t he   p r o d u c t s   of  E x a m p l e s   44  to  56  i n s t e a d   of  t h o s e  

p r e p a r e d   in  Example   43  in  Example   57,  e a c h   of  t h e   m a g n e t i c   t a p e s  

was  p r o d u c e d .   The  s p e c i f i c   p r o p e r t i e s   of  t h e   t h u s   o b t a i n e d  

m a g n e t i c   t a p e s   a re   shown  in   T a b l e   6 .  

COMPARATIVE  EXAMPLE  5 :  

By  the   same  p r o c e d u r e s   as  in  Example   57  e x c e p t   fo r   u s i n g  

t h e   a c i c u l a r   f e r r o m a g n e t i c   p a r t i c l e s   p r e p a r e d   in   C o m p a r a t i v e  

E x a m p l e   4  i n s t e a d   of  t h e   p r o d u c t   of  Example   43,  a  m a g n e t i c   t a p e  

was  p r o d u c e d ,   of  w h i c h   t h e   s p e c i f i c   p r o p e r t i e s   a r e   a l s o   s h o w n  

in   T a b l e   6 .  

















EXAMPLE  7 1 :  

I n t o   400  l i t r e s   of  a q u e o u s   5.46N  s o l u t i o n   of  s o d i u m  

h y d r o x i d e   to   w h i c h   p r e l i m i n a r i l y   379  g  of  s o d i u m   s i l i c a t e  ( N o .   3 ,  

c o n t a i n i n g   2 8 . 5 5   %  by  w e i g h t   of  S i O 2 ) ,   644  g  of  chromium  s u l f a t e ,  

2884  g  of  n i c k e l   s u l f a t e   and  4473  g  of  m a g n e s i u m   s u l f a t e   w e r e  

a d d e d   to  make  the   s o l u t i o n   c o n t a i n   0 .50   a t o m i c  %   of  S i ,   0 . 5 0  

a t o m i c  %   of   Cr,   3.0  a t o m i c  %   of  Ni  and  5.0  a t o m i c  %   of  Mg,  r e s p e c -  

t i v e l y   to  Fe,   and  w h i c h   had  b e e n   i n t r o d u c e d   in   a  r e a c t o r ;   300  l i -  

t r e s   of  a q u e o u s   s o l u t i o n   of  f e r r o u s   s u l f a t e   c o n t a i n i n g   1 .2   mol  o f  

F e 2 + / l i t r e   were   a d d e d ,   and  a  r e a c t i o n   was  c a r r i e d   ou t   at  t he   pH 

of  1 3 . 8   and  a  t e m p e r a t u r e   of  45°C  in  t he   l i q u i d   m i x t u r e   to  f o r m  

an  a q u e o u s   s u s p e n s i o n   of  Fe(OH)2  c o n t a i n i n g   S i ,   Cr,  Ni  and  Mg. 

I n t o   t he   t h u s   f o r m e d   a q u e o u s   s u s p e n s i o n   of  F e ( O H ) 2  

c o n t a i n i n g   S i ,   Cr,  Ni  and  Mg,  a i r   was  blown  at   a  t e m p e r a t u r e   o f  

50°C  and  at   a  r a t e   of  1000  l i t r e s / m i n   f o r   5 .1   h o u r s   to  p r e p a r e  

t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr,  Ni  a n d  

Mg,  t h e   end  p o i n t   of  t he   a b o v e - m e n t i o n e d   o x i d a t i o n   b e i n g   j u d g e d  

by  t h e   p r e s e n c e   or  a b s e n c e   of  b l u e - c o l o u r   r e a c t i o n   of  F e 2 +  

a p p e a r i n g   when  a  p a r t   of  t h e   r e a c t i o n   m i x t u r e   was  drawn  ou t   a n d  

a f t e r   a c i d i f y i n g   t h e r e o f   w i t h   h y d r o c h l o r i c   a c i d ,   a q u e o u s  

s o l u t i o n   of  p o t a s s i u m   f e r r i c y a n i d e   was  added  t h e r e t o .  

The  fo rmed   p a r t i c l e s   were   c o l l e c t e d   by  f i l t e r i n g   t h e  

r e a c t i o n   m i x t u r e   and  washed   w i t h   w a t e r   in  an  o r d i n a r y   m e t h o d ,  

and  a  p a r t   of  t h e   washed   p a r t i c l e s   was  d r i e d   and  p u l v e r i z e d   t o  

be  a  s p e c i m e n   fo r   e v a l u a t i n g   t h e   s p e c i f i c   p r o p e r t i e s   of  t h e  

t h u s   p r e p a r e d   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H .  



As  a  r e s u l t   of  X - r a y   d i f f r a c t i o n   a n a l y s i s ,   the   a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e O O H   gave  the   same  X- ray   d i f f r a c t i o n   p a t t e r n  

as  t h a t   of  an  a u t h e n t i c   s p e c i m e n   of  t he   a c i c u l a r   p a r t i c l e s   o f  

a l p h a - F e O O H .  

In  a d d i t i o n ,   as  a  r e s u l t   of  X - r a y   f l u o r e s c e n c e  

a n a l y s i s ,   i t   was  found  t h a t   t he   p a r t i c l e   c o n t a i n e d   0 .504   a t o m i c  

% of  S i ,   0 .498   a t o m i c   %  of  Cr,  3 .03  a t o m i c   % of  Ni  and  4 . 9 8  

a t o m i c   % of  Mg,  r e s p e c t i v e l y   to  F e .  

A c c o r d i n g l y ,   i t   is   c o n s i d e r e d   t h a t   S i ,   Cr,  Ni  and  Mg 

a r e  d i s s o l v e d   in  the   a c i c u l a r   p a r t i c l e   of  a l p h a - F e O O H   w h i l e  

f o r m i n g   a  s o l i d   s o l u t i o n .  

As  is  s een   in   t h e   e l e c t r o n   m i c r o g r a p h   of  t h e  

h e r e i n   o b t a i n e d   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g  

S i ,   Cr,  Ni  and  Mg,   shown  in  F ig .   9  ( m a g n i f i c a t i o n   of  20 ,000   t i m e s ) ,  

t he   p a r t i c l e   had  an  a v e r a g e   l e n g t h   of  t he   m a j o r   a x i s   of  0 . 5 5  

m i c r o m e t e r   and  the   a x i a l   r a t i o   ( m a j o r : m i n o r )   of  3 3 : 1 .  

EXAMPLES  72  to  85 :  

By  the   same  p r o c e d u r e s   in  Example   71  e x c e p t   fo r   c h a n g -  

i n g   the   k i n d s ,   the   c o n c e n t r a t i o n   of  the   a q u e o u s   s o l u t i o n   of  t h e  

f e r r o u s   s a l t ,   the   c o n c e n t r a t i o n   of  aqueous   s o l u t i o n   of  s o d i u m  

h y d r o x i d e   and  the   k i n d s ,   the   amount  a d d e d ,   t he   t ime   of  a d d i t i o n  

of  w a t e r - s o l u b l e   s i l i c a t e ,   w a t e r - s o l u b l e   chrome  s a l t ,   w a t e r -  

s o l u b l e   n i c k e l   s a l t   and  w a t e r - s o l u b l e   m a g n e s i u m   s a l t   r e s p e c t i v e l y ,  

t h e   c o r r e s p o n d i n g   a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g  

S i ,   Cr,  Ni  and  Mg  were  p r e p a r e d ,   the   main  c o n d i t i o n s   of  t h e i r  



p r e p a r a t i o n   b e i n g   shown  in  T a b l e   7,  and  the   s p e c i f i c   p r o p e r t i e s  

of  t h e   t h u s   o b t a i n e d   r e s p e c t i v e   p a r t i c l e s   b e i n g   shown  in  T a b l e   8 .  

EXAMPLE  8 6 :  

In  50  l i t r e s   of  w a t e r ,   3300  g  of  a  p a s t e   of  t h e  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr ,   Ni  and  Mg 

o b t a i n e d   by  t he   r e a c t i o n ,   f i l t r a t i o n   and  the   w a t e r - w a s h i n g   i n  

Example   7 1 ( c o r r e s p o n d i n g   to  a b o u t   1000  g  of  t he   d r i e d   a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr,  Ni  and  Mg)  w e r e  

s u s p e n d e d ,   t he   pH  of  t h e   t h u s   p r e p a r e d   a q u e o u s   s u s p e n s i o n   b e i n g  

1 0 . 0 .  

In  t h e   t h u s   p r e p a r e d   a q u e o u s   s u s p e n s i o n ,   300  ml  o f  

a q u e o u s   s o l u t i o n   c o n t a i n i n g   8  g  of  sod ium  h e x a m e t a p h o s p h a t e  

( c o r r e s p o n d i n g   to  0 .56  %  by  w e i g h t   of  PO3  to  t he   a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr,  Ni  and  Mg)  w e r e  

a d d e d ,   and  the   m i x t u r e   was  s t i r r e d   fo r   30  m i n .  

Then ,   a f t e r   a d d i n g   130  g  of  sod ium  s i l i c a t e   ( w a t e r  

g l a s s   N o .  3 ,   c o r r e s p o n d i n g   to   3.7  %  by  w e i g h t   of  SiO2  to  t h e  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr,   Ni  a n d  

Mg)  to  t h e   a q u e o u s   s u s p e n s i o n   and  s t i r r i n g   t h e r e o f   for   60  m i n ,  

a q u e o u s   10  %  s o l u t i o n   of  a c e t i c   a c i d   was  added   to   the   a q u e o u s  

s o l u t i o n   to  a d j u s t   t he   pH  t h e r e o f   to  6 . 0 ,   and  t he   a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr,   Ni  and  Mg  w e r e  

c o l l e c t e d   by  s u b j e c t i n g   t he   t h u s   t r e a t e d   a q u e o u s   s u s p e n s i o n  

to  a  p r e s s - f i l t e r   and  by  d r y i n g   the   c o l l e c t e d   p r o d u c t ,   t h e  

a c i c u l a r   p a r t i c l e s   of  a l p h a - F e O O H   which   c o n t a i n e d   S i ,   Cr,  N i  

and  Mg  and  a re   c o a t e d   w i t h   p h o s p h o r u s   compound  and  s i l i c o n  

compound   were  o b t a i n e d ,   t h e   s p e c i f i c   p r o p e r t i e s   of  the   t h u s  

o b t a i n e d   p r o d u c t   a re   shown  in  T a b l e   9 .  



EXAMPLES  87  to  1 0 0 :  

By  the   same  p r o c e d u r e s   as  in  Example   86  e x c e p t   f o r  

c h a n g i n g   the   k i n d   of  the   p a r t i c l e s   to  be  t r e a t e d ,   t he   pH  o f  

t h e   a q u e o u s   s u s p e n s i o n   at   t he   t ime   of  a d d i t i o n   of  the   p h o s p h a t e ,  

t he   r e s p e c t i v e   amounts   of  t he   p h o s p h a t e   and  w a t e r - s o l u b l e  

s i l i c a t e   and  the   pH  a f t e r   a d j u s t i n g ,   v a r i o u s l y ,   t he   a c i c u l a r  

p a r t i c l e s   of  a lpha-FeOOH  c o n t a i n i n g   S i ,   Cr,  Ni  and  Mg,  w h i c h  

were   c o a t e d   w i t h   p h o s p h o r u s   compound  and  s i l i c o n e   compound  w e r e  

o b t a i n e d .   The  main  c o n d i t i o n s   of  the   p r o c e d u r e s   and  t h e  

s p e c i f i c   p r o p e r t i e s   of  t he   t h u s   o b t a i n e d   p r o d u c t s   are   shown  i n  

T a b l e   9 .  

EXAMPLE  1 0 1 :  

A c i c u l a r   p a r t i c l e s   of  a l p h a - F e 2 0 3   c o n t a i n i n g   Si ,   C r ,  

Ni  and  Mg,  which   were  i m p r e g n a t e d   w i th   p h o s p h o r u s   compound  a n d  

s i l i c o n e   compound  were  o b t a i n e d   by  t h e r m a l   t r e a t m e n t   of  700  g 

of  t he   a c i c u l a r   p a r t i c l e s   of  a lpha-FeOOH  c o n t a i n i n g   Si ,   Cr,  N i  

and  Mg,  which   were  c o a t e d   w i t h   p h o s p h o r u s   compound  and  s i l i c o n  

compound  and  had  been  o b t a i n e d   in  Example   86,  in  a i r   at  7 8 0 ° C .  

As  a  r e s u l t   of  e l e c t r o n   m i c r o s c o p i c a l   o b s e r v a t i o n   o f  

the   t h u s   o b t a i n e d   p r o d u c t ,   t h e   powder   p a r t i c l e s   had  an  a v e r a g e  

l e n g t h   of  the   long  a x i s   of  0 .54   m i c r o m e t e r   and  an  a x i a l   r a t i o  

( m a j o r : m i n o r )   of  3 1 : 1 ,   and  a c c o r d i n g l y ,   t h e y   were   e x c e l l e n t   i n  

a c i c u l a r i t y .  



EXAMPLES  102  to  1 1 5 :  

By  t h e   same  p r o c e d u r e   as  in  Example   101  e x c e p t   f o r  

c h a n g i n g   t h e   k i n d s   of  a c i c u l a r   p a r t i c l e s   of  a lpha -FeOOH  c o n -  

t a i n i n g   S i ,   Cr ,   Ni  and  Mg,  w h i c h   were   c o a t e d   w i t h   p h o s p h o r u s  

compound   and  s i l i c o n   compound  as  t he   s t a r t i n g   m a t e r i a l ,   t h e  

t e m p e r a t u r e   of  t h e r m a l   t r e a t m e n t   and  t h e   n o n - r e d u c t i v e  

a t m o s p h e r e ,   v a r i o u s   k i n d s   of  t h e   a c i c u l a r   p a r t i c l e s   of  a l p h a -  

Fe2O3  c o n t a i n i n g   S i ,   Cr,   Ni  and  Mg,  w h i c h   were  i m p r e g n a t e d   w i t h  

p h o s p h o r u s   compound  and  s i l i c o n   c o m p o u n d  w e r e   o b t a i n e d .   T h e  

m a j o r   c o n d i t i o n s   in  t he   t h e r m a l   t r e a t m e n t   and  t he   s p e c i f i c  

p r o p e r t i e s   of  t h e   t h u s   p r e p a r e d   p r o d u c t   a re   shown  in  T a b l e   1 0 .  

EXAMPLE  1 1 6 :  

I n t o   a  r o t a r y   v e s s e l   f o r   r e d u c t i o n   of  3  l i t r e s   i n  

c a p a c i t y ,   120  g  of  t h e   p r o d u c t   o b t a i n e d   in  Example  101  ( a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e 2 0 3   c o n t a i n i n g   S i ,   Cr,  Ni  and  Mg, 

i m p r e g n a t e d  w i t h   p h o s p h o r u s   compound   and  s i l i c o n   compound)   w e r e  

i n t r o d u c e d ,   and  s u b j e c t e d   to  r e d u c t i o n   by  a  f low  of  g a s e o u s  

h y d r o g e n   a t   a  r a t e   of  35  l i t r e s / m i n   and  at   a  r e d u c t i o n   t e m p e r a -  

t u r e   of  4 8 0 ' C   w h i l e   r o t a t i n g   t h e   v e s s e l .   For  p r e v e n t i n g   t h e  

v i o l e n t   o x i d a t i o n   of  t he   t h u s   o b t a i n e d   a c i c u l a r   f e r r o m a g n e t i c  

a l l o y   p a r t i c l e s   when  drawn  ou t   in  a i r ,   the   p r o d u c t   was  o n c e  

i m m e r s e d   in  t o l u e n e   and  t h e n ,   by  e v a p o r a t i n g   t o l u e n e ,   a  s t a b l e  

- o x i d e   membrane   was  g i v e n   o n t o   t he   s u r f a c e   of  t he   p a r t i c l e s .  

As  a  r e s u l t   of  X - r a y   d i f f r a c t i o n   t e s t ,   t he   t h u s  

o b t a i n e d   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,  



Cr,  Ni  and  Mg  i m p r e g n a t e d   w i t h   p h o s p h o r u s   compound  and  s i l i c o n  

compound ,   gave  an  X- ray   d i f f r a c t i o n   p a t t e r n   s h o w i n g   qhe  same  

s i n g l e   p h a s e   of  b o d y - c e n t e r e d   c u b i c   s t r u c t u r e   as  t h a t   of  i r o n ,  

and  as  a  r e s u l t   of  X - r a y   f l u o r e s c e n c e   a n a l y s i s ,   t h e   p r o d u c t  

c o n t a i n e d   4 .33   a t o m i c   %  of  S i ,   0 . 499   a t o m i c   %  of  Cr,   3 .03  a t o m i c  

%  of  Ni,   4 .96   a t o m i c   %  of  Mg  and  0 .630   a t o m i c   %  of  P ,  

r e s p e c t i v e l y   to  F e .  

A c c o r d i n g l y ,   i t   i s   c o n s i d e r e d   t h a t   Fe,  S i ,   Cr,  Ni,  Mg 

and  P  a re   in  a  s t a t e   of  s o l i d   s o l u t i o n .  

The  a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g  

Si ,   Cr,  Ni,   Mg  and  P  i m p r e g n a t e d   w i t h   p h o s p h o r u s   compound  a n d  

s i l i c o n   compound ,   showed  the   a v e r a g e   l e n g t h   of  t he   m a j o r   a x i s  

of  0 .25   m i c r o m e t e r ,   the   a x i a l   r a t i o   (Major  :   m inor )   of  1 1 : 1 ,   t h e  

s p e c i f i c   s u r f a c e   a r e a   of  52 .4   m2/g ,   the   a p p a r e n t   d e n s i t y   o f  

0 .45   g / m l ,   t he   c o e r c i v e   f o r c e   of  1551  Oe  and  t he   s a t u r a t i o n  

m a g n e t i z a t i o n   of  157 .3   e m u / g .  

In  a d d i t i o n ,   as  a re   s een   in  the   e l e c t r o n m i c r o p h o t o -  

g r a p h   shown  in  F ig .   10,  t he   t h u s   o b t a i n e d   a c i c u l a r   p a r t i c l e s  

were  u n i f o r m   in  p a r t i c l e   s i z e   w i t h o u t   b e i n g   c o n t a m i n a t e d   b y  

d e n d r i t e s .  

EXAMPLES  117  to  1 3 0 :  

By  the   same  p r o c e d u r e s   as  in  Example   116  e x c e p t   f o r  

c h a n g i n g   t he   k i n d s   of  the   s t a r t i n g   m a t e r i a l   and  t he   r e d u c i n g  

t e m p e r a t u r e   v a r i o u s l y   as  s h o w n  i n   Tab le   11,  s e v e r a l   p r o d u c t s  

of  the   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,  



Cr,   N i ,   Mg  and  P  i m p r e g n a t e d   w i t h   p h o s p h o r u s   compound  a n d  

s i l i c o n   compound  were  o b t a i n e d .   The  s p e c i f i c   p r o p e r t i e s   a r e  

shown  in  T a b l e   1 1 .  

The  a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g  

S i ,   Cr ,   Ni ,   Mg  and  P  i m p r e g n a t e d   w i t h   p h o s p h o r u s   compound  a n d  

s i l i c o n   compound  w e r e ,   a c c o r d i n g   to  the   r e s u l t   of  e l e c t r o n -  

m i c r o g r a p h i c   o b s e r v a t i o n   t h e r e o f ,   were   u n i f o r m   in  p a r t i c l e   s i z e  

and  n o t   c o n t a m i n a t e d   w i t h   a r b o r e s c e n t   p a r t i c l e s .  

EXAMPLE  1 3 1 :  

A f t e r   c o m p o u n d i n g   t h e   a c i c u l a r   f e r r o m a g n e t i c   a l l o y  

p a r t i c l e s   c o n t a i n i n g   S i ,   Cr ,   Ni ,   Mg  and  P  i m p r e g n a t e d   w i t h  

p h o s p h o r u s   compound  and  s i l i c o n   compound,   o b t a i n e d   in  E x a m p l e  

116  w i t h   a  s u i t a b l e   amount   of  a  d i s p e r s i n g   a g e n t ,   a  c o p o l y m e r  

of  v i n y l   c h l o r i d e   and  v i n y l   a c e t a t e ,   a  t h e r m o p l a s t i c   p o l y u r e t h a n e  

r e s i n   and  a  mixed   s o l v e n t   c o m p r i s i n g   t o l u e n e ,   m e t h y l   e t h y l   k e t o n e  

and  m e t h y l   i s o b u t y l  k e t o n e   t o  a   p r e d e t e r m i n e d   c o m p o s i t i o n ,   t h e  

t h u s   m i x e d   compound  was  t r e a t e d   in  a  b a l l   m i l l   f o r   8  h o u r s   t o  

o b t a i n   a  m a g n e t i c   p a i n t .  

A f t e r   a d d i n g   t he   mixed   s o l v e n t   to  t h e   t h u s   o b t a i n e d  

m a g n e t i c   p a i n t   to  a d j u s t   t h e   v i s c o s i t y   t h e r e o f   to   a  s u i t a b l e  

v a l u e ,   t h e   t h u s   a d j u s t e d   m a g n e t i c   p a i n t   was  c o a t e d   on  a  

p o l y e s t e r   f i l m   by  a  c o n v e n t i o n a l   method   and  a f t e r   d r y i n g   t h e  

c o a t e d   f i l m ,   a  m a g n e t i c   t a p e   was  p r e p a r e d .  



The  t h u s   p r e p a r e d   m a g n e t i c   t a p e   showed  t h e   c o e r c i v e  

f o r c e ,   Hc,  of  1454  Oe,  t he   r e s i d u a l   m a g n e t i c   f l u x   d e n s i t y ,  

Br,  of  3980  G a u s s ,   Br/Bm,  of  0 .793   and  t h e   o r i e n t a t i o n   r a t i o  

of  2 . 0 6 .  

EXAMPLES  132  to  1 4 5 :  

By  t he   same  p r o c e d u r e s   as  in  Example   131  e x c e p t   f o r  

c h a n g i n g   the   k i n d s   of  t he   s t a r t i n g   m a t e r i a l s ,   t he   a c i c u l a r  

f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   p r o d u c e d   in  t he   r e s p e c t i v e  

E x a m p l e s   117  to  130,  s e v e r a l   m a g n e t i c   t a p e s   were  p r o d u c e d .  

The  s p e c i f i c   p r o p e r t i e s   of  the   t h u s   p r o d u c e d   m a g n e t i c   t a p e s  

a re   shown  in  T a b l e   1 2 .  

















1.  A c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   s u i t a b l e   f o r  

use   as  t h e   m a g n e t i c   m a t e r i a l   of  a  m a g n e t i c   r e c o r d i n g  

med ium,   w h i c h   p a r t i c l e s   c o n t a i n   S i ,   Cr ,   Ni  and  P  a n d  

a r e   i m p r e g n a t e d   w i t h   a  p h o s p h o r u s   c o m p o u n d   and   a  s i l i c o n  

c o m p o u n d .  

2.  A c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   a c c o r d i n g   t o  

c l a i m   l ,   w h i c h   f u r t h e r   c o n t a i n   Mg.  

3.  A  p r o c e s s   f o r   p r o d u c i n g   a c i c u l a r   f e r r o m a g n e t i c   a l l o y  

p a r t i c l e s   s u i t a b l e   f o r   u s e   as  t h e   m a g n e t i c   m a t e r i a l   of  a  

m a g n e t i c   r e c o r d i n g   m e d i u m ,   w h i c h   p r o c e s s   c o m p r i s e s :  

(a)   o x i d i z i n g   F e ( O H ) 2   i n   a q u e o u s   s u s p e n s i o n   by  b l o w i n g  

a  m o l e c u l a r   o x y g e n - c o n t a i n i n g   gas   i n t o   an  a q u e o u s   s u s p e n s i o n  

of   F e ( O H ) 2   of   pH  of  h i g h e r   t h a n   11  o b t a i n e d   by  r e a c t i n g   a n  

a q u e o u s   s o l u t i o n   of  a  f e r r o u s   s a l t   w i t h   an  a q u e o u s   s o l u t i o n  

of   an  a l k a l i   m e t a l   h y d r o x i d e   t h e r e b y   o b t a i n i n g   a c i c u l a r  

p a r t i c l e s   of  a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and   Ni ,   a  w a t e r -  

s o l u b l e   s i l i c a t e  b e i n g   a d d e d   to   s a i d   a q u e o u s   s o l u t i o n   of  a n  

a l k a l i   m e t a l   h y d r o x i d e   or   t o   s a i d   a q u e o u s   s u s p e n s i o n   o f  

F e ( O H ) 2   b e f o r e   b l o w i n g   s a i d   m o l e c u l a r   o x y g e n - c o n t a i n i n g   g a s  
t h e r e i n t o   i n   an  a m o u n t   of   0 . 1   t o   1 .7   a t o m i c   %  ( c a l c u l a t e d   a s  

Si   w i t h   r e s p e c t   t o   Fe)  and   a  w a t e r - s o l u b l e   c h r o m i u m   s a l t   a n d  

a  w a t e r - s o l u b l e   n i c k e l   s a l t   b e i n g   a d d e d   to   s a i d   a q u e o u s  

s o l u t i o n   of  f e r r o u s   s a l t ,   t o   s a i d   a q u e o u s   s o l u t i o n   of  t h e   a l k a l i  

m e t a l   h y d r o x i d e   or   to   s a i d   a q u e o u s   s u s p e n s i o n   o f   F e ( O H ) 2  
b e f o r e   or   w h i l s t   b l o w i n g   s a i d   m o l e c u l a r   o x y g e n - c o n t a i n i n g  

gas   t h e r e i n t o   i n   r e s p e c t i v e   a m o u n t s   of  0 .1   t o   5 . 0   a t o m i c   % 
( c a l c u l a t e d   as  Cr  w i t h   r e s p e c t   to   Fe)  a n d  0 . 1   t o   7 . 0  

a t o m i c   %  ( c a l c u l a t e d   as  Ni  w i t h   r e s p e c t   to   F e )  

(b)  a f t e r   c o l l e c t i n g   t h e   t h u s   o b t a i n e d   a c i c u l a r  

p a r t i c l e s   of  a l p h - F e O O H   c o n t a i n i n g   S i ,   Cr  and  Ni  f r o m   t h e  .  

m o t h e r   l i q u o r   and  s u s p e n d i n g   t h e   p a r t i c l e s   i n   w a t e r   t o   f o r m  

an  a q u e o u s   s u s p e n s i o n   t h e r e o f   of  pH  of  h i g h e r   t h a n   8 ,  

a d d i n g   0 . 1   to   2  %  by  w e i g h t   of   a  s a l t   of  p h o s p h o r i c   a c i d  

( c a l c u l a t e d   as  P03)  t o   s a i d   p a r t i c l e s ,  



(c )   f u r t h e r   a d d i n g   0 . 1   t o   7 . 0   %  by  w e i g h t   of   a  

w a t e r - s o l u b l e   s i l i c a t e   ( c a l c u l a t e d   as  S i 0 2 )   t o   s a i d   a q u e o u s  

s u s p e n s i o n   and   a d j u s t i n g   t h e   pH  of   t h e   t h u s   p r e p a r e d  

a q u e o u s   s u s p e n s i o n   t o   3  t o   7,  t h e r e b y   o b t a i n i n g   a c i c u l a r  

p a r t i c l e s   o f   a l p h a - F e O O H   c o n t a i n i n g   S i ,   Cr  and  Ni  a n d  

c o a t e d   w i t h   a  p h o s p h o r u s   c o m p o u n d   and  a  s i l i c o n   c o m p o u n d .  

(d)  a f t e r   c o l l e c t i n g   by  f i l t e r i n g   and   d r y i n g   s a i d  

a c i c u l a r   p a r t i c l e s ,   s u b j e c t i n g   t h e   d r i e d   p a r t i c l e s   t o  

t h e r m a l   t r e a t m e n t   i n   a  n o n - r e d u c i n g   a t m o s p h e r e ,   t h e r e b y  

o b t a i n i n g   t h e   a c i c u l a r   p a r t i c l e s   of   a l p h a - F e 2 0 3   c o n t a i n i n g  

S i ,   Cr  and   Ni  and   i m p r e g n a t e d   w i t h   a  p h o s p h o r u s   c o m p o u n d   a n d  

a  s i l i c o n   c o m p o u n d ,  

( e )   s u b j e c t i n g   t h e   t h u s   o b t a i n e d   a c i c u l a r   p a r t i c l e s  

t o   t h e r m a l   r e d u c t i o n   i n   a  r e d u c i n g   gas   t h e r e b y   o b t a i n i n g  

a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   C r ,  

Ni  and   P  and   i m p r e g n a t e d   w i t h   a  p h o s p h o r u s   c o m p o u n d   and  a  

s i l i c o n   c o m p o u n d .  

4.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   3,  w h e r e i n   a  w a t e r -  

s o l u b l e   m a g n e s i u m   s a l t   i s   a d d e d   t o   s a i d   a q u e o u s   s o l u t i o n  

o f   f e r r o u s   s a l t ,   t o   s a i d   a q u e o u s   s o l u t i o n   of   s a i d   a l k a l i  

m e t a l   h y d r o x i d e   o r   t o   s a i d   a q u e o u s   s u s p e n s i o n   of   F e ( O H ) 2  
b e f o r e   o r   w h i l s t   b l o w i n g   s a i d   m o l e c u l a r   o x y g e n - c o n t a i n i n g  

g a s   t h e r e i n t o   i n   an  a m o u n t   of   0 . 1   to   1 5 . 0   a t o m i c  %  

( c a l c u l a t e d   as  Mg  w i t h   r e s p e c t   t o   Fe)   so  t h a t ,   a t   s t e p   ( e ) ,  

a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s   c o n t a i n i n g   S i ,   C r ,  

N i ,   Mg  and  P  and   i m p r e g n a t e d   w i t h   a  p h o s p h o r u s   c o m p o u n d  

a n d   s i l i c o n   c o m p o u n d s   a r e   o b t a i n e d .  

5.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   3  o r   4,  w h e r e i n   t h e  

t e m p e r a t u r e   i n   t h e   t h e r m a l   t r e a t m e n t   o f  s t e p   (d)   i s  

f r o m   500  t o   9 0 0 ° C .  

6.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   3  o r   4,  w h e r e i n   t h e  

t e m p e r a t u r e   i n   t h e   t h e r m a l   r e d u c t i o n   of   s t e p   (e)   i s   f r o m  

350  t o   6 0 0 ° C .  



7.  A  m a g n e t i c   r e c o r d i n g   med ium  in   w h i c h   t h e   m a g n e t i c  

m a t e r i a l   i s   c o m p o s e d   of   a c i c u l a r   f e r r o m a g n e t i c   a l l o y   p a r t i c l e s  

c o n t a i n i n g   S i ,   Cr,   Ni ,   P  and  o p t i o n a l l y   Mg  and  i m p r e g n a t e d  

w i t h   a  p h o s p h o r u s   c o m p o u n d   and  a  s i l i c o n   c o m p o u n d .  
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